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BACKGROUND 
A vital aspect of forensic investigation is personnel identification. Identification 
begins with the determination of sex. The determination of sex is often limited to sparse 
tissue remnants. At the site of mass disasters and crimes, the hard tissue being tougher 
is often the sample from which sex is to be determined. The human mandible being a 
resilient bone is often the tissue from which forensic investigations are to be made. This 
forms the basis of our study. 
AIMS AND OBJECTIVES 
To measure, compare and evaluate the various measurements of the mandibular 
ramus and mental foramen as observed on digital panoramic radiographs and to assess 
its usefulness as an aid in sex determination among the population of Kanyakumari 
district. 
MATERIALS AND METHODS 
The study is a cross sectional study comprising of a total sample size of 250 
individuals grouped into 2 groups comprising of 125 males and 125 females. In this 
study, two parameters were measured and compared; measurement of the mandibular 
ramus (maximum ramus breadth, minimum ramus breadth, condylar height, projective 
height of ramus and coronoid height) and the measurement of the distance from mental 
foramen (superior and inferior border) to the lower border of the mandible. 
Measurements were made bilaterally, the average values calculated and the results were 
tabulated and statistically analysed.  
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RESULTS 
           Our study found that, the overall measurements of the mandibular ramus and 
mental foramen were larger in males than in females. The mandibular ramus 
measurements were as follows: maximum ramus breadth was found to be 35.92±2.78 
in males and 33.78±3.56 in females; minimum ramus breadth was found to be 
28.00±2.19 in males and 25.80 ±1.93 in females; condylar height of 66.83±4.90 and 
61.03±4.67 in males and females respectively; coronoid height in males was found to 
be 56.76±4.34 and 52.97±3.78 in females and projective height in males was 
65.84±5.18 and 59.79±4.34 in females. The mental foramen measurements were as 
follows: measurements of the distance from (S-L) was found to be 14.77±2.67 and 
12.57±1.54 in males and females respectively; (I-L) was found to be 11.51±2.19 in 
males and 9.55±1.64 in females. These were the values obtained from our sample 
population. All the parameters were statistically significant for the difference between 
males and females with the coronoid height of the ramus being the most reliable 
parameter for sex determination.  
CONCLUSION 
The observations from the present study suggest that the mandibular ramus 
measurements and mental foramen parameters exhibit significant sexual dimorphism 
with the coronoid height of the ramus being the most reliable indicator of sex. 
KEYWORDS  
              Forensic dentistry, Mandible, Mandibular condyle, Panoramic Radiography, 
Sex Characteristics. 
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Forensic odontology is a multidisciplinary science which deals with 
identification of victims in mass disasters, natural calamities and jurisdiction issues 
using dental records. By virtue of being resistant to most physical, thermal and chemical 
changes, the human dentition plays a key role in personnel identification. This involves 
examination at multiple tiers ranging from preliminary investigation by a forensic 
pathologist to molecular methods in the laboratory. Thus it proves to be an effective 
tool sought after by forensic investigators and investigating officers.  
“Dental data provide detail of a kind, comparable with the detail that was 
previously thought to be provided only by fingerprints; A reason for coming to regard 
teeth as of very great importance in the identification of an individual” as stated by 
Professor Keith Simpson in 1951.1 
The International Criminal Police Organization ICPO or INTERPOL, 
established in 1923 is a police organisation promoting professional coordination from 
police organisations world over. This organisation has designated forensic odontology 
as a premier authority in the identification of victims in mass disasters. Identification 
through dental records as authorised by INTERPOL has been categorised as the 
foremost tool in Disaster Victim Identification (DVI).The Lockerbie air disaster in 
1988, Asian tsunami in 2004, London bombings in 2005 etc. are a few recent 
applications of forensic odontology. 2 
Dental profiling is a three tiered process with an ultimate goal of establishing 
personal identity. It gives details regarding Ethnic background, Sex and Age. It heavily 
depends on ante mortem records. These records may be retrieved from the regional or 
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global health care centers, as per the demand of the situation. The information from this 
process will enable a more focused search for ante mortem records.3 
Personal identification begins by accurate establishment of sex of the deceased. 
This is a vital process as the subsequent steps are dependent on this foremost procedure. 
Sex determination of the deceased requires a pathway for delineating various 
parameters enabling identification as males or females.4 
Skeletal remains are the most common clues available at the site of mass-
disasters. Krogman in 1962 stated that an accurate sex determination can be confidently 
made if the entire skeleton of a human is available. He further stated that the skeletal 
sex estimation is almost always correct.5 
However, dismembered bones are more likely to be sourced at the disaster site 
than a complete human skeleton. In this scenario, the accuracy of the sex determination 
is more likely to plummet. Most bone tissues are likely to feature a few sexual 
variations. Among these, the human pelvis, when sourced as an individual bone is the 
most accurate. The human skull is the second most common bone to be employed for 
sex determination, which has an accuracy rate of 92%.5, 6 
Among the various bones that form the face, the mandible is the strongest and 
largest bone. It also shows strong features of sexual variations. The growth changes in 
males vary from that of females among other differences. Thus, these differences can 
form an important clue in differentiating skeletal remains.7, 8 
Mandibular ramus houses several important anatomical structures, attaches 
various muscles and reflects age changes. These bear an impact on the morphology of 
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the ramus which are characteristically different among males and females. Thus 
mandibular ramal measurements form an asset in the analysis of sexual dimorphism.9 
The mandible has several important landmarks, of which the mental foramen is 
a stable landmark. Thus, the position of the mental foramen is compared in relation to 
the lower border of the mandible. This is a valuable tool in the identification of sex.10 
Rotational panoramic radiography is widely used for obtaining a comprehensive 
overview of the maxillofacial complex. This forms an indispensable tool in forensic 
anthropology and forms an apt tool for measurement of the ramus and mental foramen. 
This study measures, compares and evaluates the various measurements of the 
mandibular ramus and analyses the position of the mental foramen as an aid in sex 
determination as observed on digital panoramic radiographs. This study establishes the 
baseline data of these parameters among the population of Kanyakumari district. 
  
 
 
 
 
 
 
 
 
AIMS & OBJECTIVES 
Aims and Objectives 
 4 
 
AIMS 
1. To measure, compare and evaluate the various measurements of the mandibular 
ramus as observed on digital panoramic radiographs and to assess its usefulness 
as an aid in sex determination. 
2. To analyse the position of the mental foramen in relation to the lower border of 
the mandible and assess its reliability as an aid in sex determination. 
3. To compare and contrast the efficacy of the above mentioned two methods in 
sex determination and to discuss its ramifications. 
 
OBJECTIVES 
As skeletal characteristics vary by population, we attempted to determine the 
sex using significant parameters in the ramus of the mandible and the position of mental 
foramen in the population of Kanyakumari district and establish a baseline data for this 
population. 
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Science and technology has grown by leaps and bounds in the last half-
century. Advances in technology has led to tremendous growth in medical diagnostics 
and therapeutics. The field of criminalistics and forensics are not to be left behind. 
From personnel identification in mass disasters to analysis of suspect/criminal in a 
crime scene forensics plays a vital role. 
The etymology of the word “forensic” is from the Latin language. Jones 
through his extensive research in ancient Roman civilization has explained about an 
open-aired public place where citizens gathered to discuss, debate, hold trials and 
pronounce judicial decisions which formed an important part of this civilization. This 
arena was referred to as a “forum”.  As stated by Clark, forensic in Latin means 
“before the forum”. This was the genesis of the field of forensic. The science of study 
of teeth and its associated structures is referred to as Odontology. The marriage of 
these two fields has led to the genesis of forensic odontology. The Federation 
Dentaire International (FDI), established in 1900 is the premiere representative body 
governing dentists worldwide, in Geneva, Switzerland. This organization has 
summarized the role of forensic odontology as follows “The branch of dentistry 
which, in the interest of justice, deals with the proper handling and examination of 
dental evidence, and with the proper evaluation and presentation of dental findings.”11 
Forensic dentistry or forensic odontology is the area of forensic sciences that 
covers under its aegis, concepts and practices related to the oral and maxillofacial 
structures in the context of the legal or judicial system. Forensic odontology is a part 
of the broader field of forensic sciences which encompasses all the domains of 
practise and activity pertaining to the legal system.  
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Forensic Anthropology is the study of skeletal evidence similar to 
archaeologists. Bones, teeth, hair, clothing and other articles found at the site of legal 
concern are examined by the forensic anthropologist. The forensic anthropologist 
addresses aspects such as the time of death, age, sex, ethnicity, culture, body size and 
weight and cause and manner of death.12 
Assessing the sex of unidentified human hard tissue remains a part of the triad 
of constructing the dental profile. Sex of the individual can be assessed from 
parameters such as morphology of the cranio-facial and mandibular bones, tooth 
measurements and from the DNA from the teeth. A number of morphological 
characteristics of the cranio-mandibular bones show variation between the sexes. 
Most of these features demonstrate reliability only after puberty and demonstrate 
better efficacy when measured in multiples rather than singularly.11 
Sex determination of human remains can be done by odontometric analysis, 
orthometric analysis, soft tissue analysis and molecular analysis.  
Odontoscopy, from dental anthropology point of view seeks to observe 
records, analyze and understand the behavior of the expression of coronal and root 
morphology of human teeth. Literature has revealed that measurements of the 
mesiodistal and buccolingual aspects of teeth are reliable indicators of sex being the 
most convenient and accurate method to analyze sexual dimorphism. The mesiodistal 
dimension is the greatest distance between the contact points on the proximal surfaces 
of the crown and buccolingual dimension is defined as the greatest distance between 
the labial or buccal surface and lingual surface of the tooth crown.13, 14, 15 It is 
generally accepted that males possess larger teeth than females; hence, it is no 
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surprise to many authors that the latter has lower mesio-distal and bucco-lingual 
dimensions.11, 16 Nevertheless, there has been a debate on which dimension (mesio-
distal or bucco-lingual) give better results. Several researchers indicated that the 
bucco-lingual dimensions are more accurate because of the great difference obtained 
between male and female.17 In contrast, earlier studies argues that mesio-distal 
dimensions are more accurate instead.16 Even though this measurements are used for 
determining sex, they present certain drawbacks. A major disadvantage of measuring 
mesio-distal dimensions is that they undergo proximal wear, which may reduce the 
dimension and render them valueless in forensic investigations. While bucco-lingual 
surfaces are not altered by proximal wear, they are varied by marked attrition and may 
also be affected by dental calculus deposits. .It is imperative to note that tooth size is 
influenced by the environment. Therefore, Gomez in 2013 and Iscan in 2003 stressed 
that such measurements are population specific, and do not apply to the world at 
large.16, 17 
Canine measurements have been studied by several methods such as Fourier 
analysis as stated by Minzuno in 1990 and Moiretopography described by Suzuki et 
al. in 1984 to name a few. Mandibular canines are considered to be the “key tool” for 
personnel identification and they are known to exhibit a great degree of sexual 
dimorphism.18 
Bossert and Marks in 1996 inferred that evaluation of permanent canines for 
sex determination has certain merits in that they are the least extracted teeth, less 
ravaged by periodontal disease and have a higher chance of surviving trauma.19 A 
study by Anderson and Thompson in 1973 revealed that mandibular canine width and 
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inter-canine distance values were greater in males. These measurements permitted an 
accurate differentiation of sex up to 74%.20 Garn et al. in 1988 evaluated the mesio-
distal width of canine in different ethnic groups and inferred that the mandibular 
canine showed a greater degree of sexual dimorphism than the maxillarycanine.21 
Likewise, Rao et al. in 1989 reported that the mesio-distal width of mandibular 
canines was significantly greater in males than females when evaluated among the 
Indian population.22 
Non metric features may be defined as traits that are recorded by visual 
records in terms of presence, absence or degree of development. Scott and Turner 
suggested that genetic and epigenetic factors led to evolution of characteristic features 
of different population groups. Non metric features such as distal accessory ridge on 
canine and number of cusps in mandibular first molar maybe used to determine the 
sex of the individual. It has been reiterated that the distal accessory ridge of the 
canines is often present and more accentuated in male. Anderson and Thompson have 
reported greater incidence of four cusps on the mandibular first molar in male as 
compared to females. Similarly, Rao et al. carried out an analysis on Indian 
population in the southern part of the country and came to a similar conclusion. 
Moreover, Anderson and Thompson have opined that evolutionary progress have led 
to a reduction in cuspal number as well as general reduction in size of the lower face, 
with male seemingly resisting this change.20, 22, 23 
The orthometric method involves the use of the bones such as the skull, 
mandible, frontal bone and paranasal sinuses such as the maxillary sinus as a tool for 
sex determination. Several studies postulate that sexing can be accurately determined 
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up to 95% using various features of skull bones and mandible. Sex determination 
using the skull by itself is not reliable until well into puberty, thereby the need to 
combine features of the skull, mandible and sinus dimensions to bring about more 
accurate determination. The mastoid, supraorbital ridge, nasal aperture, dimensions 
and architecture of skull, zygomatic extensions and mandible gonial angle play a 
major role in determination of the sex of the individual. Anthropological studies have 
shown that sex of the individual can be determined with an accuracy of upto 94 % 
using these traits. 24, 25 
The skull of male and female shows variation in shape principally due to size. 
Female skull is made up of much lighter bones than males, with smoother surfaces. 
Males have a low and sloped frontal bone, while the female’s frontal lobe is higher 
and more rounded. The males’ eye orbits are somewhat square shaped, lower, 
somewhat smaller with rounded superior margins. The female eye orbits are more 
rounded and circular, higher and larger with very sharp superior margins. Sangvichien 
et al. used the cranium and mandible of population of Thailand to assess how accurate 
and reliable the bones could be regarding sexing. Using two methods (Krogman’s 
cranioscopy and modified Krogman’s cranioscopy) they inferred that using 
Krogman’s cranioscopy has a high accuracy in sexing. Sex in males was accurately 
determined up to 95.5%, 82.9% for females and 91.1% overall.26 
The mandible plays a major role in sex determination by a Forensic 
Odontologist. The difference in the development of the musculoskeletal system, 
specifically muscles of mastication attached to the jaw bone of male and female is 
attributed for shaping the mandible uniquely. In a previous study carried out to 
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evaluate the angle of the mandible on a mixed population, it was found that the angle 
varied between 110° and 140° in adults of both sex. It was also concluded that people 
who retained their dentition, there is no increase in the angle with advancing age.27 A 
2012 digital radiographic study on the mandibular ramus indicated that the ramus 
breadth measurements is the best parameter to be evaluated for sex determination.28 
Thakur et al. in 2013 conducted an anthropological investigation evaluating the 
mandibular angle and height of the ramus to determine their role in sexual 
dimorphism. The results showed that both these parameters are greater in males than 
in females.29 Sharma and associates conducted a study on an Indian population and 
used parameters such as the length of body of the mandible, angle of the mandible and 
minimum ramus breadth as chief parameters for sex determination. They reported an 
accuracy of 60% in sexing using thoseparameters.30 Literature reveals that there is no 
correlation between gender and gonial angle, although the angle increases in the 
elderly mandibles, especially if the dentures are not worn. This finding contradicts 
many studies that report otherwise.31 
Male mandibles are noticeable by the squared shape of the chin as per 
published textual literature. Female chin structures are more often more pointed or 
‘V’ shaped; however, this can vary and therefore the analysis of the mandible alone is 
less reliable in determining sex and should be used in correspondence with other 
indicators.32 
Measurements of the paranasal sinus have been used to determine age and sex.  
Several studies report that the loss of minerals in the bone matrix that surrounds the 
maxillary sinus leads to its contraction.33 A 2013 study was conducted on computed 
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tomographic measurement of antrum of Highmore with volume and dimensions in 
correlation to age and sex among individuals with dentate and edentulous maxilla. 
Results showed that the maxillary sinuses in males are larger in volume and wider 
than that of females; also, the depth and height are higher in males compared to their 
counter parts. Furthermore, the mean right and left maxillary sinus volume and 
dimensions showed no significant differences between dentate and edentulous group 
except the measurements of height were considerably higher in edentulous group than 
that of dentate group.34 Maxillary sinus volumes and dimensions, however, show a 
wide range in different studies that may reflect the influential effects like human 
variability. Some authors studied the volumetric measurements and anatomical 
variations of paranasal sinuses in dried skulls of Africans (Nigerians) and found that 
the average volume of the maxillary sinus on the right was (11.59 ± 5.36 cm3) and the 
left was (14.98 ±10.77cm3), values that are much higher than those found by Jasim 
and Al-Taei, proving the need for population based parameters to be set for different 
anthropometric measurments.35 
The frontal sinus by virtue of its irregularities in shape and uniqueness to an 
individual is of most interest and significance in forensic identification.36 A study on 
an Indian population was conducted to assess frontal sinus as an aid for sexing and 
concluded that the mean values of the frontal sinus height, width and area are greater 
in males. Moreover, the right frontal sinus was larger than the left sinus in both 
genders. When frontal sinus measurement was combined with skull measurement, an 
accuracy of 85.9% in sex determination was observed. Therefore it was concluded 
that frontal sinus can establish sexual dimorphism better but can accurately 
discriminate sex when combined with skull measurements. These findings are in 
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agreement with literature that indicates that the use of sinuses for forensic purpose 
alone may not be reliable as they are vulnerable to structural and developmental 
changes. Also, differences in radiographic techniques, such as distance from the target 
or film, angle and orientation of the crania can alter the image of the sinus, thereby 
changing its anatomical characteristics. It is for this reason that this should be a 
supplementary method to reinforce findings from other methods.36, 37, 38, 39 
Soft tissue Analysis 
Soft tissue analysis such as rugoscopy and cheiloscopy are also used in sexing 
of individuals and human remains. 
Cheiloscopy 
Cheiloscopy, derived from a Greek word “chelios” meaning “lips” and 
“skopein” meaning “see” is the term given to the study of lip prints. Japanese 
scientists, Tsuchihashi Y and Suzuki T in the period 1968 discovered that the patterns 
of lines on the red part of the human lip is unique to each person and can be useful for 
identification. Lip prints can be observed as early as 6th week of intrauterine life and 
remain unchanged for the rest of one’s life. During a crime scene investigation, lip 
prints can tie a subject to a specific location if found on articles at the site of crime.40 
These lip prints are classified by Suzuki and Tsuchihashi as follows 40: 
· Type I: Clear- cut grooves running vertically across the lip  
· Type I’: The grooves are straight but disappear half-way instead of covering 
the entire breadth of the lip  
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· Type II: The Grooves are branched  
· Type III: The Grooves intersect  
· Type IV: The Grooves are reticulate  
· Type V: Undetermined 
Vahanwala et al. in their study reported that sex of the individual can be 
identified by lip prints dominancy as follows 41:  
· Type I, I′ pattern dominant: Female  
· Type I and II patterns are dominant: Female  
· Type III pattern dominant: Male  
· Type IV patterns: Male  
· Type V varied patterns: Male.  
Rugoscopy Palatal Rugoscopy is the study of the pattern on the palatal rugae 
to identify an individual. Rugoscopy was initially suggested by a Spanish man Trobo 
Hermosa in 1932. Thomas and van Wyk in 1988 classified the palatal rugae pattern 
based on their length and shape. 42 
Based on length, it is classified as follows:  
· Primary rugae (5–10 mm)  
· Secondary rugae (3–5 mm)  
· Fragmentary rugae (<3mm) 
Based on the shape it is classified as:  
· Straight: Runs directly from the origin to termination  
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· Curvy: A simple crescent shape which was curved gently  
· Circular: A definite continuous ring formation  
· Wavy: Serpentine form 
Literature reports several studies conducted on rugoscopy to analyze the 
patterns of the rugae. Subramanian and Jagannathan carried out a study in an Indian 
population and reported no statistical difference in number of rugae in both male and 
female. Furthermore, fragmented rugae were found to be significantly increased in 
females as compared with males. There was also a gender difference in the length of 
the rugae with females having longer rugae; however, it was not statistically 
significant. These results are in agreement with other studies.43, 44 
Molecular Analysis 
Often in forensic analysis, the remains are destroyed or decomposed to appoint 
where identification of the sex itself by morphological analysis remains becomes an 
impossible task. Hence, much effort is pumped into research to establish alternative 
methods for sex determination and molecular biology is one of the methods that 
received immense attention. Due to the unique composition and structure of DNA 
molecule in bone and teeth, it is protected from environmental factors.45 Various 
studies have been conducted to evaluate different dental tissues (pulp, dentin, and 
cement) for the presence of DNA useful for forensic analysis and often the conclusion 
is that the pulp consist of several cells rich in DNA and suitable for forensic 
investigations.46 Most of the genomic DNA isolation methods use organic solvents 
such as phenol/chloroform, silica-binding extraction from powered bone or teeth 
material. The extracted DNA from the teeth of an anonymous person can be matched 
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with the ante mortem DNA samples for a positive identification. DNA stored in 
blood, hair brush, clothes, cervical smear, or biopsy sample can provide a good source 
of ante mortem DNA. Sex determination by molecular biology is ideal because 
variation in size and architecture of skeletal material has no influence on the 
biological molecules. Furthermore, foetal and juvenile remains gender can be 
determined. The method is not hindered by the quality of the sample and works 
perfectly well with low quantity. However, molecular methods for sexing also present 
some drawbacks with contamination being the greatest problem. Various 
environmental factors can induce molecular degradation and thus severely impair the 
process of obtaining DNA for forensic scrutiny. Furthermore, molecular methods can 
be costly and thus their use is often restricted to forensic material where other 
methods are not useful. 45 
Barr Bodies 
Barr bodies (sex chromatins), are small well defined bodies found in nuclei of 
cells in Females and are stained intensely by nuclear dyes. Murray Barr in 1949 
initially studied these structures, when he and co-workers analyzed nerve cells of cats 
in which they appreciated a high percentage of a dense mass of chromatin in cell 
nuclei of females, unlike in male. Those structures were then termed Barr bodies. The 
chromatin materials are representatives of one of the inactive X chromosome in each 
somatic cell in females that occurs during early embryonic development.47 Duffy and 
co-workers in a study examined human dehydrated pulps from extracted teeth to 
assess sex chromatin from fibroblasts in artificially mummified and heated pulp 
tissues and discovered that there is a prolonged sex chromatin stability.48 Similarly, 
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several studies evaluated the in vitro effect of high temperatures on Barr chromatin in 
dental pulp for sex diagnosis. 
F bodies 
The Y chromosome is unique in that it is only found in male. A fluorescent 
dye, quinacrine, binds strongly to the Y chromosome and a bright fluorescent spot (F 
body) is clearly seen under ultraviolet light. The rationale behind the bright 
fluorescence of the Y chromosome is not entirely clear; however, Caspersson et al. 
mentioned that alkylating agents such as quinacrine accumulate in DNA regions rich 
in guanine. The presence of F bodies infers that the DNA sample would most likely 
belong to a male, ruling out the female suspect.49 
Enamel protein 
In spite of the wide list of molecular methods recommended for sex 
assessment, amplification of the human amelogenin gene (AMEL) is often used. 
Amelogenin is a major matrix protein that is involved in the process of producing the 
enamel and is crucial for normal tooth development. The developing human enamel 
has approximately 30% protein, of which 90% are amelogenins.50 The unique 
organization and properties of the gene qualifies it to be an excellent tool for sex 
identification especially, from complicated forensic materials, such as highly 
fragmented, burnt, juvenile and foetal remains where sex cannot be estimated with 
traditional morphometric methods. 
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Advanced Methods 
Polymerase chain reaction 
Polymerase chain reaction (PCR) is a revolutionary method established by 
Kary Mullis in the 1980s which has the ability to amplify trivial amounts of relatively 
short target sequences of DNA using sequence-specific oligonucleotide primers and 
thermo stable TaqDNA polymerase. Teeth can endure high temperatures and are used 
for personal identification in the forensic field. In the case of few teeth or lack of ante-
mortem dental records, there is insufficient information for a positive identification of 
an individual. The dental pulp, being shielded by hard tissue, is well protected and is 
not influenced by temperature, unlike other structures of the oral cavity. Hence it is a 
major source for DNA used in PCR for amplification. Malaver and Yunis reported 
that pulp produced strongest PCR amplification signals while dentin and cementum 
signals were very similar to each other.51, 52 
The Mandible 
 The mandible, the largest and strongest bone of the face, serves for the 
reception of the lower teeth. It consists of a curved, horizontal portion, the body, and 
two perpendicular portions, the rami, which unite with the ends of the body nearly at 
right angles. 
 The Body (corpus mandibulæ): The body is curved somewhat shaped like a 
horseshoe and has two surfaces and two borders. 
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 Surfaces: The external surface of the mandible is marked in the midline by a 
faint ridge, indicating the symphysis or line of junction of the two pieces of which the 
bone is composed at an early period of life. This ridge divides below and encloses a 
triangular eminence, the mental protuberance, the base of which is depressed in the 
center but raised on either side to form the mental tubercle. On either side of the 
symphysis, just below the incisor teeth, is a depression, the incisive fossa, which gives 
origin to the Mentalis and a small portion of the Orbicularis oris. Below the second 
premolar tooth, on either side, midway between the upper and lower borders of the 
body, is the mental foramen, for the passage of the mental vessels and nerve. Running 
backward and upward from each mental tubercle is a faint ridge, the oblique 
line, which is continuous with the anterior border of the ramus; it affords attachment 
to the Quadratus labii inferioris and Triangularis; the Platysma is attached below it. 
 The internal surface is concave from side to side. Near the lower part of the 
symphysis is a pair of laterally placed spines, termed the mental spines, which give 
origin to the Genioglossi. Immediately below these is a second pair of spines, or more 
frequently a median ridge or impression, for the origin of the Geniohyoidei. In some 
cases the mental spines are fused to form a single eminence, in others they are absent 
and their position is indicated merely by an irregularity of the surface. Above the 
mental spines a median foramen and furrow are sometimes seen; they mark the line of 
union of the halves of the bone. Below the mental spines, on either side of the middle 
line, is an oval depression for the attachment of the anterior belly of the Digastricus. 
Extending upward and backward on either side from the lower part of the symphysis 
is the mylohyoid line, which gives origin to the Mylohyoideus; the posterior part of 
this line, near the alveolar margin, gives attachment to a small part of the Constrictor 
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pharyngis superior, and to the pterygomandibular raphé. Above the anterior part of 
this line is a smooth triangular area against which the sublingual gland rests, and 
below the hinder part, an oval fossa for the submaxillary gland. 
 Borders: The superior or alveolar border, wider behind than in front, is 
hollowed into cavities, for the reception of the teeth; these cavities are sixteen in 
number, and vary in depth and size according to the teeth which they contain. To the 
outer lip of the superior border, on either side, the Buccinator is attached as far 
forward as the first molar tooth. The inferior border is rounded, longer than the 
superior, and thicker in front than behind; at the point where it joins the lower border 
of the ramus a shallow groove; for the external maxillary artery, may be present. 
 The Ramus (ramus mandibulæ; perpendicular portion): The ramus is 
quadrilateral in shape, and has two surfaces, four borders, and two processes. 
 Surfaces: The lateral surface is flat and marked by oblique ridges at its lower 
part; it gives attachment throughout nearly the whole of its extent to the Masseter. 
The medial surface presents about its center the oblique mandibular foramen, for the 
entrance of the inferior alveolar vessels and nerve. The margin of this opening is 
irregular; it presents in front a prominent ridge, surmounted by a sharp spine, 
the lingual mandibulæ, which gives attachment to the sphenomandibular ligament; at 
its lower and back part is a notch from which the mylohyoid groove runs obliquely 
downward and forward, and lodges the mylohyoid vessels and nerve. Behind this 
groove is a rough surface, for the insertion of the Pterygoideus internus. 
The mandibular canal runs obliquely downward and forward in the ramus, and then 
horizontally forward in the body, where it is placed under the alveoli and 
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communicates with them by small openings. On arriving at the incisor teeth, it turns 
back to communicate with the mental foramen, giving off two small canals which run 
to the cavities containing the incisor teeth. In the posterior two-thirds of the bone the 
canal is situated nearer the internal surface of the mandible; and in the anterior third, 
nearer its external surface. It contains the inferior alveolar vessels and nerve, from 
which branches are distributed to the teeth. The lower border of the ramus is thick, 
straight, and continuous with the inferior border of the body of the bone. At its 
junction with the posterior border is the angle of the mandible, which may be either 
inverted or everted and is marked by rough, oblique ridges on each side, for the 
attachment of the Masseter laterally, and the Pterygoideus internus medially; the 
stylomandibular ligament is attached to the angle between these muscles. The anterior 
border is thin above, thicker below, and continuous with the oblique line. 
The posterior border is thick, smooth, rounded, and covered by the parotid gland. 
The upper border is thin, and is surmounted by two processes, the coronoid in front 
and the condyloid behind, separated by a deep concavity, the mandibular notch. 
 The Coronoid Process (processus coronoideus) is a thin, triangular eminence, 
which is flattened from side to side and varies in shape and size. Its anterior border is 
convex and is continuous below with the anterior border of the ramus; its posterior 
border is concave and forms the anterior boundary of the mandibular notch. Its lateral 
surface is smooth, and affords insertion to the Temporalis and Masseter. Its medial 
surface gives insertion to the Temporalis, and presents a ridge which begins near the 
apex of the process and runs downward and forward to the inner side of the last molar 
tooth. Between this ridge and the anterior border is a grooved triangular area, the 
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upper part of which gives attachment to the Temporalis, the lower part to some fibers 
of the Buccinator. 
 The Condyloid Process (processus condyloideus) is thicker than the coronoid, 
and consists of two portions: the condyle, and the constricted portion which supports 
it, the neck. The condyle presents an articular surface for articulation with the 
articular disk of the temporomandibular joint; it is convex from before backward and 
from side to side, and extends farther on the posterior than on the anterior surface. Its 
long axis is directed medialward and slightly backward, and if prolonged to the 
middle line will meet that of the opposite condyle near the anterior margin of the 
foramen magnum. At the lateral extremity of the condyle is a small tubercle for the 
attachment of the temporomandibular ligament. The neck is flattened from before 
backward, and strengthened by ridges which descend from the forepart and sides of 
the condyle. Its posterior surface is convex; its anterior presents a depression for the 
attachment of the Pterygoideus externus. 
 The mandibular notch, separating the two processes, is a deep semilunar 
depression, and is crossed by the masseteric vessels and nerve. 
 Ossification: The mandible is ossified from the fibrous membrane covering the 
outer surface of Meckel’s cartilages. These cartilages form the cartilaginous bar of the 
mandibular arch, and are two in number, a right and a left. Their proximal or cranial 
ends are connected with the ear capsules, and their distal extremities are joined to one 
another at the symphysis by mesodermal tissue. They run forward immediately below 
the condyles and then, bending downward, lie in a groove near the lower border of the 
bone; in front of the canine tooth they incline upward to the symphysis. From the 
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proximal end of each cartilage the malleus and incus, two of the bones of the middle 
ear, are developed; the next succeeding portion, as far as the lingula, is replaced by 
fibrous tissue, which persists to form the sphenomandibular ligament. Between the 
lingula and the canine tooth the cartilage disappears, while the portion of it below and 
behind the incisor teeth becomes ossified and incorporated with this part of the 
mandible. 
Ossification takes place in the membrane covering the outer surface of the 
ventral end of Meckel’s cartilage and each half of the bone is formed from a single 
center which appears, near the mental foramen, about the sixth week of fetal life. By 
the tenth week the portion of Meckel’s cartilage which lies below and behind the 
incisor teeth is surrounded and invaded by the membrane bone. Somewhat later, 
accessory nuclei of cartilage make their appearance, viz., a wedge-shaped nucleus in 
the condyloid process and extending downward through the ramus; a small strip along 
the anterior border of the coronoid process; and smaller nuclei in the front part of both 
alveolar walls and along the front of the lower border of the bone. These accessory 
nuclei possess no separate ossific centers, but are invaded by the surrounding 
membrane bone and undergo absorption. The inner alveolar border, usually described 
as arising from a separate ossific center (splenial center), is formed in the human 
mandible by an ingrowth from the main mass of the bone. At birth the bone consists 
of two parts, united by a fibrous symphysis, in which ossification takes place during 
the first year. 53 
A review of literature over the last few years reveals several studies 
undertaken on the mandible to demonstrate its efficient role in determining sex. 
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In a study conducted by Kaushal S and associates in 2003 on the reliability of 
mandibular canines in sex determination, they state that dental tissue is reliable for 
anthropological, genetic and forensic analysis. The mandibular canine was found to 
exhibit the greatest sexual dimorphism and in their study on 60 subjects it was found 
that the mandibular left canine exhibited greater sexual dimorphism when compared 
with the right.54 
Arnay-de-la-Rosa M and associates carried out a study to assess which 
measurements better characterize sex in prehispanic individuals from the Canary 
Islands, they blindly contrasted the results obtained by visual inspection and 
osteometric measurements with those obtained by molecular sexing using amelogenin 
ancient DNA analysis on teeth from the same material. They achieved unambiguous 
sex classification by amplification of sex specific amelogenin alleles in 56 out of 76 
mandibles (73.78% of the cases). Visual inspection led to a correct diagnosis in 
66.04% of cases, with a greater proportion of errors for female (54.17%) than male 
(17.24%) mandibles. Osteometric measurements were able to assign sex correctly in 
72.2% in the best of cases (mandibular height), a proportion similar to that obtained 
using a discriminant function (71.2%). By logistic regression analysis, ramus breadth, 
index ramus breadth/ramus height and mandibular length were the parameters 
independently related with a mistaken diagnosis of female sex, whereas bigonial 
width, ramus height and mandibular length were the parameters more closely and 
independently related to a mistaken diagnosis of male sex. They concluded that 
diagnosis based on visual examination of the mandible or on its metric measurement 
only serves to roughly estimate sex with an accuracy of around 70% or less, at least 
among the prehispanic population from Gran Canaria. Amplification of amelogenin 
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alleles leads to unambiguous identification of male and female alleles in 73.68% of 
cases, at least among the prehispanic population from Gran Canaria.55 
Vodanovic´ M and associates carried out a study on the total of 86 skulls 
excavated in the late 19th and early 20th century from the mediaeval cemetery (10th 
and 11th century) at the archaeological site of BijeloBrdo near Osijek.. Sex was 
determined on the basis of 20 osseal craniofacial, as well as odontometric features. 
Sexual dimorphism of the odontometric features was tested by the Student’s t-test 
method. Determining sex on the basis of craniofacial features was possible in 55.8% 
of the cases. Combining the craniofacial and odontometric features it was possible to 
determine sex in 86% of the cases. They also inferred that in cases where ante-
mortem data on sex are not available it is best to combine a number of different 
methods in order to raise the level of confidence and the level of success in sex 
determination.56 
Franklin D and associates investigated whether the mandible can discriminate 
immature individuals by sex; the techniques they applied were from the field of 
geometric morphometrics.  They carried out the study on 96 known age and sex 
subadult individuals; the three-dimensional coordinates of 38 landmarks were 
analyzed using the shape analysis software morphologika. Multivariate regressions 
indicated no significant sexual dimorphism in the subadult sample; this result was 
supported by poor cross-validated classification accuracy (59%). Their results suggest 
that the subadult mandible is not dimorphic (to the extent that dimorphism is not 
evident within the sample we studied); thus, sex determination using previously 
described criteria is likely to yield poor results.57 
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In a 2009 study by Ivan C S G and associates to study the various mandibular 
dimensions and identify the parameters that could be useful to determine sex in a 
population comprising of young children. The study was carried out among the 
population of Brazil. It was found that little sexual dimorphism is appreciable in 
children’s mandibles during the first year of life. Although the various parameters 
measured such as bicondylar width, bigonial width, gonion-gnathion length and 
height of the mandibular symphysis were all found to be higher in males, while 
minimum width of the mandibular ramus and transverse diameter of the right condyle 
were higher in females. None of these values however were found to be statistically 
significant.58 
Popa F M and co-workers carried out a study on 80 dry mandible specimens. 
They applied the discriminate F2 function (chosen this function because it is 
applicable even on one half of the mandible - when the other half is missing, damaged 
or incomplete) for all 80 mandibles specimens. The results where centralized in 
several tables with the others measurements and submitted to a statistic study. More 
than half of the female mandibles (52.2%) where edentulous, 32.6% an extended 
edentulous and only 15.2% were fully dentate. 65% of the males mandibles were fully 
dentate, 7.5% edentulous and 27.5% were extended edentulous. They analyzed the 
data and concluded that applying the odonto stomatological methods, a forensic 
specialist is able to identify certain characteristics of the individual such as gender and 
age working only with the under jaw (or pieces of it).59 
Saini V and co-workers carried out a study to establish the osteometric 
standards for practical use in forensic context over Indian population using 
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mandibular ramus. They carried out the study on a sample consisting of 116 
mandibles of Northern Indian population (M: F; 92:24, mean age 37.4 years), 
collected from the Department of Forensic Medicine, IMS, BHU, Varanasi. 
Osteometric information about five metric parameters. 
These parameters were subjected to different discriminant function analysis 
using SPSS 16.0. All parameters showed significant sexual dimorphism (p < 0.001 in 
all cases) with an overall accuracy of 80.2%, and coronoid height was the single best 
parameter providing an accuracy of 74.1%.60 
In 2012, a digital radiographic study was carried out by Indira A P and 
associates, on mandibular ramus in sex determination. This study aimed to evaluate 
the efficacy of mandibular ramus in sex determination among the population of 
Bangalore and compared and evaluated the various parameters of the mandibular 
ramus on digital panoramic radiographs. They measured the following parameters 
using mouse-driven method (by moving the mouse and drawing lines using chosen 
points on the digital panoramic radiograph) Maximum ramus breadth: The distance 
between the most anterior point on the mandibular ramus and a line connecting the 
most posterior point on the condyle and the angle of jaw, Minimum ramus breadth: 
Smallest anterior–posterior diameter of the ramus, Condylar height/maximum ramus 
height: Height of the ramus of the mandible from the most superior point on the 
mandibular condyle to the tubercle, or most protruding portion of the inferior border 
of the ramus, Projective height of ramus: Projective height of ramus between the 
highest point of the mandibular condyle and lower margin of the bone., Coronoid 
height: Projective distance between coronion and lower wall of the bone. They 
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concluded that the results obtained proved that the ramal measurements were reliable 
in determining the sex of the individual.28 
In 2013, Kumar P V and associates carried out a study on 80 mandibles and 
studied 22 different parameters to ascertain whether it shows variations between 
different ages, sex and race. They found that among the 22 parameters, six were 
specific, height of the ramus, body thickness of the mandible, anthropometric arch 
width, inter-incisor width, mandibular index and mandibular angle are useful in 
determining the sex of the individual upto 75.2% in South Indian population. They 
concluded that that the mandible of unknown gender can be sexed to the extent of 
75% accuracy by six dominating parameters and not to consider these for complete 
sex determination of the mandible bone in osteometric studies. 61 
Vinay G and Gowri S R M conducted a cross sectional study on South Indian 
population to verify if anthropometric measurements of the human mandible could be 
used to determine the sex of the individual. Their study was carried out on 220 dry, 
complete, undamaged human adult mandibles of unknown gender collected various 
medical colleges in and around Bangalore. Minimum ramus breadth, maximum ramus 
breadth and mandibular angle were measured using mandibulometer and sliding 
caliper. They found that if the value of minimum ramus breadth 3.79 cm it could be 
considered as male and if the value is be considered as male and if the value is ≤ 3.21 
cm it is of female. They concluded that minimum ramus breadth and maximum ramus 
breadth are highly predictive for the gender of unknown mandible. Their study shows 
that the mandible is an important bone in the determination of gender with high 
accuracy.62 
Review of Literature 
  28 
 
Vinay G and associates also conducted a study on 250 dry, complete human 
adult mandibles. A random collection of 250 dry, complete, undamaged human adult 
mandibles of South Indian population were subjected to metrical parameters like 
Bigonial breadth, Bicondylar breadth and Mandibular length using Mandibulometer 
and Vernier caliper. The data’s were expressed as Mean ± SD and then analyzed by t-
test by using SPSS software. Discriminating point and limiting points were also 
calculated. They found that the mandibular length, bigonial breadth and bicondylar 
breadth showed significant statistical gender difference. They concluded that the sex 
of human mandible can be assessed by using metrical parameters as an additional tool 
to establish the identity of a person where they found that mandibular length, bigonial 
length breadth and bicondylar breadth displayed statistically significant sex 
differences. 63 
Marinescu M and associates carried out a study on 200 adult mandibles of 
known sex and age (100 males, 100 females, age range from 20 to 86 years, mean age 
39 years) belonging to a modern Romanian population. Three standard mandibular 
measurements were taken; Chin Height, Bigonial Width and Bicondylar Breadth. 
They found all three measurements to show significant difference between genders. 
They also concluded that a larger study sample allows similar accuracies of sex 
determination with fewer measurements, which in turn can improve the assessment of 
sexual dimorphism by using a time-efficient method.64 
Rastogi P and associates carried out a study to evaluate sexual dimorphism 
from an odontogenic approach among 200 subjects. Their results found that 
mandibular canine width, mandibular canine index, mandibular premolar arch width, 
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mandibular molar arch width, premolar index and molar index show statistically 
significant difference (p value< 0.001) between males and females. They found that 
maximum sexual dimorphism exists in the mandibular canine width (12.678) and 
mandibular canine index (12.639), while incisor width and intercanine distance have 
little to no applicability in sex identification. Maximum correlation is shown by 
mandibular canine width (0.657) and least by molar index (0.393). The predictive 
value of sexing a person is highest by using mandibular canine width alone (43.2%) 
and least by molar index (15.5%), this predictability increases considerably (56.4%) 
when all the parameters are combined together. They concluded that the efficacy of 
dentition as an aid in gender determination by odontometric analysis is well proved 
and reliable. Mandibular teeth and in particular the mandibular canine form the key in 
sex differentiation.65 
Raj J D and Ramesh S conducted a study to analyse the sexual dimorphism in 
the mandible of South Indian origin. A total of 60 male and 60 female adult dry 
mandibles were evaluated. Six parameters were taken into considerations, the values 
were measured and data recorded. Their study showed that one of the parameter 
analyzed, superior-inferior height (right side) was found to be significantly different 
among males and females. They concluded that the mandible can be a very useful tool 
for sex determination in this population after a comprehensive study has been 
undertaken.66 
Chole R H and associates carried out a study to evaluate the gonial angle, 
antegonial angle, and antegonial depth and to investigate their relationship to gender, 
age group, and dental status.  A total of 1060 panoramic radiographs were evaluated 
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by them: the dentulous group, 854 subjects and the edentulous group, 206 subjects. 
They grouped the patients into six age groups of 10-years each. Gonial angle, 
antegonial angle, and antegonial depth were measured from panoramic 
radiographs. They found that correlation of age with gonial angle, antegonial angle 
and antegonial depth was not significant. Significant difference in mandibular angle 
was found between males and females. Males had significantly smaller antegonial 
angle and greater antegonial depth than females. Significant difference was found for 
gonial angle, antegonial angle, and antegonial depth between right and left sides of 
mandible. They concluded that Gonial angle, antegonial angle, and antegonial depth 
can be implicated as a forensic tool for gender determination but not suitable for age 
determination.67 
In 2014 a study was conducted by Pillai T J and associates to determine the 
role of mandible in determining the sex of the individual. For each mandible accurate 
measurements were taken for 22 variables namely, (1) Symphyseal height, (2) 
Coronoid height, (3) Minimum breadth of ramus, (4) Maximum breadth of ramus, (5) 
Height of ramus – right, (6) Height of ramus – left, (7) Body height, (8) Body 
thickness, (9) Body length,(10) Bigonial diameter, (11) Bicondylar diameter, (12) 
Bimental breadth, (13) Mandibular angle, (14) Length of lower jaw, (15) Interincisor 
width, (16) Interpremolar width, (17) Intermolar width, (18) Arch length, (19) 
Anthropometric arch length, (20) Anthropometric arch width, (21) Bicornoid width 
and (22) Mandibular index. The measurements were compared to the values of known 
sex to distinguish the sex of mandible. Every parameter, independent of other 
parameters provides certain percentage of certainty about the sex of mandible of 
unknown sex. This percentage of certainty significantly shifts when considered in 
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combination with other parameters. Therefore, based only on one or two variables the 
sex of mandible cannot be decided. When all the variables are considered together and 
treated statistically, six factors were extracted which could explain 75.2 percent of 
total variation in the data from all variables. Six dominating characters that possibly 
explain the nature of the mandible are (1) height of the ramus-right, (2) body 
thickness, (3) anthropometric arch width, (4) inter incisor width, (5) mandibular index 
and (6) mandibular angle. Their study reveals that mandibles of unknown gender can 
be sexed to the extent of 75 percent accuracy by carefully studying all the 22 
parameters listed above and by statistically treating the data. 22 parameters were 
studied on 88 mandibles. Their study concluded 6 dominating characters-right height 
of the ramus, body thickness, anthropometric arch width, interincisor width, 
mandibular index and mandibular angle are key parameters which could be accurate 
upto 75.2% of the sexing the remains.68 
Thakur M and associates carried out radiographic study where panoramic 
radiographs of 102 dentulous patients were analysed for sex determination using 
height of the mandible and mental foramen. Their study emphasizes these 
measurements in dentulous patients on the right side of the orthopantomograph.  They 
divided the study sample into three groups of less than 25 years, 25 – 50 years and 
above 50 years. Measurements were made digitally and the data obtained was 
tabulated and subjected to statistical analysis. The results of their study showed 
statistically significant difference in comparison of the height of the mandible in 
males and females (p<0.05). The results of their study concluded that height of the 
mandible and the distance from the superior margin of the mental foramen to the 
alveolar crest can be used for sex determination from the mandible.69 
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A digital panoramic study by Muskaan A and Sarkar S. The Aim & Objective 
of their study was to evaluate various radiomorphometric indices in digital dental 
panoramic radiograph in order to identify possible interrelationships between these 
indices and sex and age of the patients analyzed. Forty digital panoramic radiographs 
were selected. Age, sex and dental status of the patients were recorded. The 
radiographs were grouped into four 10-year age groups (by decades). The mental 
index, maximum and minimum breadth of ramus of mandible and the height of the 
coronoid were measured. In relation to the mental index, high significance was found 
between male and females in both the right and left side. In regards to the maximum 
breadth of ramus of the mandible in both the right and left side a high significant 
difference is observed between male and female of higher age group. The height of 
coroniod in both right and left side between male and female of all age group showed 
a significant result for sex determination. While comparing the different age groups 
they noticed that group I (21-30yrs) and group IV (51-60yrs) showed highly 
significant results in regards to mental index in both right and left of males. They 
found that the maximum and minimum breadth of ramus of the mandible did not yield 
any significance for the age determination. Comparison of the height of the coronid in 
both male and female irrespective of right and left side yielded highly significant 
results in between all the four age groups. In this study while comparing the different 
age groups they noticed that group I (21-30yrs) and group IV (51-60yrs) showed 
highly significant results in regards to mental index in both right and left of females. 
They concluded that coronoid height and the mental index can be used effectively in 
identification of both age and sex. Whereas maximum and minimum breadth of ramus 
of the mandible can be used for sex determination only in older age group and for the 
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age determination can be used only for females. They also inferred that ramal breadth 
measurements of the mandible can be used for sex determination more efficiently 
only in the older age groups.70 
 Singh R and associates conducted a study to assess the accuracy and role of 
few metric and morphological parameters in determination of the sex of dry adult 
human mandible of North Indian origin. Their study was conducted on 50 dry intact 
human adult mandibles of North Indian origin. The metric parameters i.e. bigonial 
breadth, bicondylar breadth are measured with a Vernier Caliper by two observers. 
Non-metric parameters being observed are the morphological features like gonion 
flaring, muscular markings and shape of angle of symphysis menti. They concluded 
that bigonial breadth and bicondylar breadth exhibit the sexual dimorphism. 
Morphological Parameters: Gonion flaring, muscular markings and shape of angle of 
symphysis menti also demonstrate the sexual dimorphism. These parameters taken 
together may determine the sex of adult human mandibles. Their study shows that the 
mandible is an important tool in the determination of gender with high accuracy.71 
Datta A and associates carried out a study to analyse sexual dimorphism in the 
mandibles among South Indian population. They subjected 50 random adult, dry, 
undamaged human mandibles of South Indian population were to metric 
measurements like Gonial angle, Bigonial width, Height of ramus, Bicondylar 
breadth, Mandibular length, Length of lower jaw, Mandibular index, Body thickness, 
Coronoid height, Bimental breadth, Symphyseal height and Body height using a 
Mandibulometer and Digital Vernier caliper. The Gonial angle, Bigonial width, 
Height of ramus, Bicondylar breadth, Mandibular length, Length of lower jaw, Body 
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thickness, Coronoid height, Bi-mental breadth, Symphyseal height and Body height 
showed statistically significant sex difference.  They concluded that the sex of the 
mandible can be determined using different metric measurements as an additional tool 
to establish the identity of a person. 72 
Kawale D N and associates analysed 100 (Males 50, Females 50) human 
mandibles of known sex for the sexual dimorphism with the help of 14 different 
morphometric parameters. Amongst the parameters studied bigonial width, bicondylar 
breadth, maximum ramus height, mandibular angle and intermolar distance were 
found to be statistically significant for determination of sex of mandible with 95% 
confidence interval. Out of these significant five parameters maximum ramus height 
and intermolar distance shows highly significant p value. They concluded that 
Accuracy of determination of sex of human can be increased when measurement of 
these significant mandibular parameters correlated with parameters of another sex 
determining bone like pelvis, skull in osteometric studies.73 
Singh R and co-workers carried out a study on 50 dry intact human adult 
mandibles of North Indian origin. In this study the metric parameters i.e. bigonial 
breadth, bicondylar breadth were measured with a Vernier Caliper by two observers. 
Non-metric parameters observed were the morphological features like gonion flaring, 
muscular markings and shape of angle of symphysis menti. They concluded that 
bigonial breadth and bicondylar breadth exhibit the sexual dimorphism. 
Morphological Parameters: Gonion flaring, muscular markings and shape of angle of 
symphysis menti also demonstrate the sexual dimorphism. These parameters taken 
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together may determine the sex of adult human mandibles. Their study shows that the 
mandible is an important tool in the determination of gender with high accuracy.74 
Kumar J S and Babu K Y published a study conducted on thirty three 
mandibles, where they found that metric parameters bigonial breadth, bicondylar 
breadth and coronoid breadth are easy parameters to use and reliable in identifying the 
sex of the individual.75 
Nagaraj T and associates carried out a study to evaluate the non-metric 
characteristics of the mandible in sex determination.  The aim of their study was to 
study the non-metric characteristics of mandible such as the variations of shape of 
chin, inferior border of mandible, and shape of coronoid process helps to distinguish 
between males and females. The material for their study comprised of 90 dry adult 
human mandibles of known sex. The peculiar features that allowed us to differentiate 
among the sexes was contour of the inferior border of mandible, shape of the chin and 
shape of coronoid process bilaterally. They found that male mandibles showed rocker-
shaped predominantly (58.9%), whereas about (41.1%) of female mandibles exhibited 
a straight inferior border of the mandible. The shape of the chin in most of the males 
was bilobate (45.5%), square (43.6%), whereas female mandible had pointed chin 
(71.4%). Shapes of coronoid process observed were hook in (27.8%), rounded 
(31.1%), and triangular (41.1%) with P < 0.05 which indicated statistical significance. 
They concluded that the non-metric analysis of mandible could be used for sex 
determination.76 
Jambunath U and coworkers carried out a study fifty panoramic radiographs 
(twenty males and twenty females). Their study aimed to measure, compare, and 
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evaluate various measurements of ramus, gonial angle and bigonial width as observed 
on panoramic radiographs. They randomly took panoramic radiographs of 25 males 
and 25 females (age 11-19 years), made measurements using two methods. In 1st 
method (ramus), measurements of height and breadth of ramus were taken and in 2nd 
method (gonial), measurements of gonial angle and bigonial width were made. The 
measurements were subjected to discriminant functional analysis. They found that in 
ramus method, condylar, coronoid and projection height of ramus was higher in males 
(p<0.001) whereas in gonial method, gonial angle was higher in females (p<0.007). 
Ramus breadth and bigonial width were not different. They concluded that both 
methods can be used for sex determination. Ramus method proved to be more 
accurate than gonial method. They found that condylar, coronoid and projection 
height of the ramus was higher in males whereas gonial angle was higher in females 
and hence these parameters can be used for sex determination with the ramal 
parameters being more accurate. 77 
Kallalli B N and associates in 2016 carried out a study to determine the sex of 
human mandible using metrical parameters by CT. Their study included thirty 
subjects (15 males and 15 females), with age group ranging between 10 and 60 years 
on whom CT scan was performed and the data obtained were reconstructed for 3D 
viewing. After obtaining 3DǦCT scan, a total of seven mandibular measurements, i.e., 
gonial angle, ramus length, minimum ramus breadth and gonionǦgnathion length, 
bigonial breadth, bicondylar breadth, and coronoid length were measured; The result 
of the study showed that out of seven parameters, gonial angle, Ramus length, gonion-
gnathion length, bicondylar breadth, and coronoid length showed a significant 
statistical difference (P < 0.05), with overall accuracy of 86% for males and 82% for 
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females. They concluded that advanced imaging modalities can aid in personal 
identification with much higher accuracy than conventional methods.78 
Panda B B and associates carried out a study to know the sex of an individual 
from the study of posterior ramus of mandible. The study was done with the use of 
morbid anatomical specimen of mandibles and simple measuring instruments. The 
posterior ramus of adult mandibles were studied for presence or absence of any 
notching and if present its position in relation to occlusal plane. The study resulted, 
that there was a role of notch position in sex determination. The presence or absence 
of the notch though was not a consistent finding of all the mandibles. Males had 
frequent notching at the level of occlusal plane (P< 0.01) and females had frequent 
notching above the occlusal plane (P < 0.01). Notch present below the occlusal plane 
had no relation with sex. Accuracy of sexing mandible from the posterior ramus notch 
position was 61%, which was more for males (68.57%) as compared to females 
(43.33%). Based on this, they concluded that the posterior ramus of mandible could 
be considered for determination of sex of mandible but this must not be the sole 
criteria and should be correlated with the other standard criteria.79 
Latif M and co-workers carried out a study was to establish mandibular canine 
index (MCI) for sex determination among North Indian population. Their study was 
conducted on 150 subjects comprising of equal number of males and females. They 
studied the mesiodistal width of the right and left mandibular canine, intercanine 
distance, and the right and left MCI. They found that the standard MCI value for 
North Indian population is 0.257. Using the MCI value, sex can be correctly predicted 
up to 80% in males and 76% in females. The total percentage accuracy of sex 
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determination (male and female) was found to be 78%. They concluded that the MCI 
method is an efficient, inexpensive, and reliable method for sex determination when a 
standard for population is available. As the accuracy of MCI in the identification of 
sex has never exceeded 87.5%, it can only be used as a supplemental tool for sex 
identification.80 
Boddu N T and associates carried out a study to evaluate the accuracy of sex 
determination using various measurements on mandible using digital 
Orthopantomographs (OPG). On 308 OPGs comprising of equal number of males and 
females, the Bi-condylar width, Bi-gonial width, Bi-mental width, Maximum ramus 
breadth, and Minimum ramus breadth measurements were recorded The discriminate 
functional analysis was used to determine variables that discriminate between males 
and female. They noticed statistical significant mean value between measurements of 
males and females. The study revealed higher identification rates for males (71.8%) 
and females (70.4%) with a total accuracy rate of 71.1%. They concluded that 
mandible can be used as a reliable tool in sex determination. Out of five parameters 
used in their study, Inter-condylar distance was found to be more reliable compared to 
other parameters.81 
Sikka A and associate carried out a study where the morphological and 
morphometric parameters were studied in 126 mandibles to determine their sex. The 
morphological parameters were analysed using Chi-square test of independence. The 
metric parameters were analysed using Student’s t test, Hotelling T2 square test for 
multivariate analysis and discriminant function analysis. They found that the mean 
values of all the metric parameters were higher in males as compared to females. This 
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difference was statistically significant for all parameters. By multivariate analysis 
also, P value was less than 0.001. They also state that they could correctly classify 
81% bones using discriminant function analysis. They concluded that the mandible 
exhibits significant sexual dimorphism and that a combination of morphological and 
morphometric parameters is ideal to determine the sex of the mandible.82 
Pillay S and associates carried out an investigation on sixty four panoramic 
radiographs to document the morphometry of the angle of mandible and to determine 
if a correlation between the angle of mandible, age and sex exists. They found that 
despite females having a greater angle of mandible than males, no statistically 
significant correlation was found between the size of the angle of mandible and sex 
(p=0.088). The angle of mandible was found to decrease with advancement of age, 
however only the 16-19 year age cohort displayed a statistically significant correlation 
with the size of the angle of mandible (p=0.006). Their study concluded that the angle 
of mandible may not be a useful indicator of sex, but may be a reliable indicator of 
age for individuals between 16-19 years in the eThekwini Metropolitan region.83 
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Study Setting: The present study was carried out in the Department of Oral Pathology 
and Microbiology, Sree Mookambika Institute of Dental Sciences, Kulasekharam after 
obtaining clearance from the Institutional Ethical Committee Board. 
Study period: One year 
Study design:  Cross-sectional study 
Study subjects: 
The study sample was selected from the patients visiting the Department of Oral 
Medicine and Radiology, Sree Mookambika Institute of Dental Sciences Kulasekaram, 
depending upon the fulfillment of inclusion and exclusion criteria.  
Detailed description of the groups: 
The study is a cross sectional study comprising of a total sample size of 250 
individuals grouped into 2 groups comprising of 125 males and 125 females. Subjects 
were selected according to the following inclusion and exclusion criteria: 
Inclusion criteria: 
1. Radiographs of Subjects in the age group of 20-50 years. 
2. Ideal Orthopantomograms (OPG) with full complement of teeth of patients 
from Kanyakumari district visiting the out-patient section of Sree Mookambika 
Institute of Dental Sciences. 
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Exclusion criteria:  
1. Orthopantomograms of patients with impacted mandibular third molars. 
2. Orthopantomograms of patients with dental caries/ periapical 
pathologies. (Periapical granuloma, periapical cyst etc.) 
3. Orthopantomograms of patients with developmental anomalies. 
4. Orthopantomograms of patients with fractures of the jaws 
5. Orthopantomograms of edentulous patients. 
6. Orthopantomograms with faulty radiographs. 
7. Orthopantomograms with artefacts. 
8. Orthopantomograms of patients under the age of 20 years and above 50 
years. 
Stored archival orthopantomograms (OPG) were used for the study which 
fulfilled the inclusion and exclusion criteria. 
Sample size was calculated as follows: 
Sampling: 
Sampling Technique: Convenient sampling. 
Sample Size n = 
ଶௌమሺ௓భା௓మሻమሺெభିெమሻ మ  
n = Sample size 
S = Pooled standard deviation = 9. 
Z1 = Z value associated with alpha =1.64. 
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Z2 = Z value associated with beta =0.841. 
M1 = Mean of group I, any one of the variants of study. 
M2 = Mean of group II, any one of the variants of study. 
With reference to the study conducted by Indira A P et al in 2012.28 
The obtained values are as follows: 
M1= Mean of group I=131. 
M2= Mean of group II=129.  
n = Sample size= 250.3 = 250.  
 
Equipments and Armamentarium: 
 Planmeca Digital OPG, Planmeca Romexis 2.6.0.R software, HCL desktop 
computer system, SPSS 16.0 version 
 
Procedure in detail: 
Digital OPG (Planmeca Digital OPG, Planmeca Romexis 2.6.0.R software) of 
patients fulfilling the inclusion and exclusion criteria of this study were taken from the 
department of Oral and Maxillofacial Radiology of Sree Mookambika institute of 
Dental sciences and viewed on a HCL Desktop computer installing the Romexis 2.6.0.R 
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software by mouse-driven method. Radiographs taken for routine screening purpose 
were used for this study. The sample comprised of a total of 250 subjects in the age 
group of 20 and 50 years and were equally distributed between the sexes. 
In this study, two parameters were measured and compared; the first parameter 
is the measurement of the mandibular ramus (maximum ramus breadth, minimum 
ramus breadth, condylar height, projective height of ramus, coronoid height). The 
second parameter is the measurement of the distance from mental foramen (Superior 
and inferior border) to the lower border of the mandible. Measurements were made 
bilaterally, the average values calculated and the results were tabulated and statistically 
analysed. 
The description of the measurements were as follows: 
The mandibular ramus measurements were made the following way 
bilaterally:  
Maximum ramus breadth (MxRB): The distance between the most anterior 
point on the mandibular ramus and a line connecting the most posterior point on the 
condyle and the angle of jaw. 
Minimum ramus breadth (MnRB): Smallest anterior–posterior diameter of 
the ramus. 
Condylar height/maximum ramus height (CnH): Height of the ramus of the 
mandible from the most superior point on the mandibular condyle to the tubercle, or 
most protruding portion of the inferior border of the ramus. 
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Projective height of ramus (PR): Projective height of ramus between the 
highest point of the mandibular condyle and lower margin of the bone. 
Coronoid height (CrH): Projective distance between coronion and lower wall 
of the bone. 
Measurements of the Mental Foramen: The mental foramen measurements 
were the following way bilaterally: The distances were measured from the superior 
border of the mental foramen to the lower border of the mandible (S-L) and the inferior 
border of the mental foramen to the lower border of the mandible (I-L). 
The values so obtained were entered in the data entry sheet using Microsoft 
excel application. The measured values were compared with baseline data available 
from published literature pertaining to south Indian population and with each other and 
the resulting data, statistically analysed. 
The baseline values for all mandibular ramus and mental foramen 
measurements were taken, according to the study conducted by Indira A P and 
associates and Mahima V G and associates respectively. The two methods were 
compared and contrasted and the results analysed statistically.10, 28 
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    Schematic representation of all the measurements 
 
 
 
 
 
 
 
 
 
INDEX (in mm) 
1. Maximum ramus breadth 
2. Minimum ramus breadth 
3. Condylar height 
4. Projective height of ramus 
5. Coronoid height 
6. (A-C) 
7. (B-C) 
A. Tangent along the Superior border of the mental foramen 
B. Tangent along the Inferior border of the mental foramen 
C. Lower border of the mandible 
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Statistical Analysis: 
The data was expressed in mean and standard deviation. Statistical Package for 
Social Sciences (SPSS 16.0) version used for analysis. Linear discriminant analysis 
applied to find the statistical significant between the groups. P value less than 0.05 
(p<0.05) considered statistically significant at 95% confidence interval.  
 
 
  
 
 
 
 
 
 
 
     
  COLOUR PLATES 
Colour Plate 
   
 
 
CP 1: Patient positioned for Planmeca Digital Panoramic Radiography 
 
CP 2: HCL Desktop computer with OPG viewed in Planmeca Romexis 2.6.0.R 
software 
 
CP 3: Planmeca Romexis 2.6.0 R Software 
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The present study was carried out in the department of oral pathology and 
microbiology, Sree Mookambika Institute of Dental Sciences, Kulasekharam, 
Kanyakumari district. Two hundred and fifty panoramic radiographs were equally 
distributed among males and females, fulfilling the inclusion and exclusion criteria 
obtained from the department of oral medicine and radiology. In this study, the 
mandibular ramus and mental foramen were measured separately for males and 
females. The mandibular ramus was measured for maximum ramus breadth, minimum 
ramus breadth, condylar height, projective height of ramus and coronoid height. The 
mental foramen was measured for the distance from the superior border and inferior 
border of the foramen to the lower border of the mandible.  The results were tabulated 
and compared between males and females. 
The results were expressed as mean and standard deviation. Statistical 
Package for Social Sciences (SPSS 16.0) version was used for analysis. Linear 
discriminant analysis was applied to find the statistical significance between the 
groups. p value less than 0.005 (p<0.05) was considered statistically at 95% 
confidence interval. 
Measurements of the maximum ramus breadth was found to be 35.92±2.78 in 
males and 33.78±3.56 in females. Comparison between the values of males and 
females was done and the difference was found to be statistically significant with p 
value of 0.04. Likewise, the minimum ramus breadth was found to be 28.00±2.19 in 
males and 25.80 ±1.93 in females. Statistical analysis of the comparison of the 
minimum ramus breadth between males and females were found to be statistically 
significant with a p value of 0.04. (Tables 1& 2; Graph 1) 
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Measurements of the condylar height showed that the mean condylar height of 
66.83±4.90 and 61.03±4.67 in males and females respectively. The difference in 
measurements of the condylar height between males and females were found to be 
statistically significant with a p value of 0.04. Measurements of the coronoid height 
were made on radiographs of both males and females and the mean measurements of 
the coronoid height in males were found to be 56.76±4.34 and 52.97±3.78 in females. 
Comparison of the values between males and females concluded statistically 
significant results with a p value of 0.03.Measurements of the projective height of the 
ramus were carried out in both males and females. The mean projective height in 
males was 65.84±5.18 and 59.79±4.34 in females. Statistically analysis of the values 
were found to be significant for the difference in values between males and females.  
Statistical analysis of the values were found to be statistically significant with p value 
of 0.04. (Table 3, 4 & 5; Graph 1) 
Measurements of the mental foramen were made from the superior border of 
the mental foramen to the lower border of the mandible and from inferior border of 
the mental foramen to the lower border of the mandible. The measurements of the 
distance from (S-L) were found to be 14.77±2.67 and 12.57±1.54 in males and 
females respectively. Difference in values between males and females were found to 
be statistically significant with a p value of 0.04. Measurements of the mental 
foramen were made from the inferior border of the mental foramen to the lower 
border of the mandible and were found to be 11.51±2.19 in males and 9.55±1.64 in 
females. Comparison and statistical analysis of the values between males and females 
were found to be statistically significant with p value of 0.04. (Table 6 &7; Graph 2) 
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Table 1: Comparison of mean maximum ramus breadth between males and 
females 
Gender Ramus maximum breadth (mm) (Mean±SD) P value 
Male 35.92±2.78 
0.04 
Female 33.78±3.56 
 
 
Table 2: Comparison of minimum mean ramus breadth between males and 
females 
Gender Ramus minimum breadth (mm) (Mean±SD) P value 
Male 28.00±2.19 
0.04 
Female 25.80±1.93 
 
 
Table 3: Comparison of condylar height between males and females 
Gender Condylar height (mm) (Mean±SD) P value 
Male 66.83±4.90 
0.04 
Female 61.03±4.67 
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Table 4: Comparison of mean coronoid height between males and females 
 
Gender 
 
Minimum coronoid height (mm) (MEAN±SD) 
 
P value 
 
Male 
 
56.76±4.34 
 
0.03 
 
Female 
 
52.97±3.78 
 
 
 
Table 5: Comparison of mean projective height of ramus between males and 
females 
Gender Projective height of ramus (mm) (Mean±SD) P value 
Male 65.84±5.18 
0.04 
Female 59.79±4.34 
 
 
Table 6: Comparison of mean (S-L) between males and females 
 
Gender 
 
Minimum S-L (mm) (MEAN±SD) 
 
P value 
 
Male 
 
14.77±2.67 
 
 
0.04 
 
Female 
 
12.57±1.54 
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Table 7: Comparison of mean (I-L) between males and females 
Gender (I-L) (mm) (Mean±SD) P value 
Male 11.51±2.19 
0.04 
Female 9.55±1.64 
 
 
Table 8: Comparison of mean values of ramus and mental foramen between the 
males and females 
Observation 
 
Gender (Mean±SD)  
P value 
Male Female 
Maximum ramus breadth 
(mm) 
35.92±2.78 33.78±3.56 0.04 
Minimum ramus breadth 
(mm) 
28.00±2.19 25.80±1.93 0.04 
Condylar height (mm) 66.83±4.90 61.03±4.67 0.04 
Coronoid height (mm) 56.76±4.34 52.97±3.78 0.03 
Projective height of ramus 
(mm) 
65.84±5.18 59.79±4.34 0.04 
(S-L) (mm) 14.77±2.67 12.57±1.54 0.04 
(I-L) (mm) 11.51±2.19 9.55±1.64 0.04 
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Graph 1: Comparison of mean ramus values in males and females 
 
 
 
Graph 2: Comparison of (S-L) and (I-L) between males and females 
 
 
 
Graphs 
   
 
Graph 3:  Comparison of mean values of ramus and mental foramen 
in males and females 
 
 
 
 
 
 
 
Panoramic Radiographs 
   
 
 
CP 4 A: OPG of Male patient with ramal and mental foramen measurements 
made using Planmeca Romexis 2.6.0. R Software 
 
 
 
CP 4 B: OPG of male patient with ramal and mental foramen measurements 
made using Planmeca Romexis 2.6.0. R Software 
 
Panoramic Radiographs 
   
 
 
CP 5 A: OPG of female patient with ramal and mental foramen measurements 
made using Planmeca Romexis 2.6.0. R Software 
 
 
CP 5 B: OPG of female patient with ramal and mental foramen measurements 
made using Planmeca Romexis 2.6.0. R Software 
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Forensic science and Forensic Odontology has evolved and come a long way 
with technological advances in imaging and molecular sciences. Identification of 
skeletal remains is the initial crucial step in forensic investigation and is the rate limiting 
step in continuing the investigation.60 Sex determination of adult skeletal remains is the 
first step as further determination of age, stature and so on are sex dependant.84 Often 
at the scene of crime, accident or mass disaster, only partial remains of the human body 
are found. Should the entire skeleton be available for analysis, upto 100 % accuracy of 
sex determination is possible. But given that this is a lesser likely scenario, sex 
determination is dependent on fragmented skeletal remains.60, 84 
The human skeleton shows significant sex differentiation of which the most 
sexually dimorphic is the pelvis. The human skull is also a crucial component for 
forensic analysis as it has a reliability of 92 % for sex determination. 5, 6  During mass 
disasters, natural calamities and so on, skeletal remains may be available in fractions. 
Often at these sites the complete skull may not be available and the mandible being the 
largest and most resilient bone of the face might be the remains that aid in sex 
determination.7, 8  The rate of skeletal maturation as well as the pattern of growth differ 
between the sexes with skeletal maturation occurring earlier in females. This is of 
relevance since it indicates that sexual dimorphism of the skull including the mandible 
would manifest earlier in females. 8  The mandible by virtue of being composed of dense 
compact bone is resilient and remains well preserved in comparison with other bones. 
The shape and size of the mandible exhibits dimorphism. The shape of the mandible is 
a result of sequential structural modelling as the bone increases in size.9 The mandible 
being the last bone in the skull to cease growing is sensitive to adolescent growth 
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spurts.85, 86 The stages of mandibular development, rate and duration of growth are 
different in the sexes and this contributes to the sexual dimorphism that the ramus 
demonstrates. Masticatory forces are distinct to each sex and this influences the shape 
of the ramus. 9, 86 
Several studies indicate that the mental foramen is a stable region which remains 
relatively constant throughout life and is independent of alveolar resorption. This would 
qualify the mental foramen as a stable landmark that could aid in forensic analysis. 87, 
88, 89 
Metric analyses as far as skeletal sex determination is concerned is often proved 
to be superior, the reason being objectivity, accuracy, reproducibility and reduced 
degree of inter and intra observer variations when compared to descriptive traits.90, 91,92 
Given these merits of the mandible in the present study, we analysed seven 
parameters of the mandible comprising of ramus and mental foramen measurements. 
All measurements yielded statistically significant values. 
Saini V et al in 2011, carried out an anthropometric research using sliding 
calipers in mandibular ramus in Varanasi. The following observations were made: 
Maximum ramus breadth showed values of 42.81 mm in males and 40.34 mm in 
females. While in our study, Maximum ramus breadth was found to be 35.92 mm and 
33.78 mm in males and females respectively. Minimum ramus breadth values were 
31.29 mm and 29.65 mm in males and females respectively in their study, where as it 
was 28.00 mm in males and 25.80 mm in females in our study. In their study, condylar 
height values were 60.67 and 54.46mm in males and females respectively and in our 
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study condylar height was 66.83mm in males and 61.03 mm in females. Projective 
height of ramus showed 53.89 mm and 47.45 mm in males and females respectively in 
the study by Saini V et al and the measurements for the projective height of the ramus 
in our study was found to be 65.84 mm in males and 59.79 mm in females. In the afore 
mentioned study, the coronoid height measured 61.68 mm and 54.89 mm in males and 
females respectively. Whereas, in our study the values for the same parameter was 
56.76 mm in males and 52.97 mm in females. Thus the results of this study was similar 
to that of our study with the mandibular ramal measurements being significantly higher 
in males than in females. 60 
The results of our study were similar to the inference from a study by Indira A 
P et al in 2012, in which several mandibular ramal parameters were measured. 
According to this study, Maximum ramus breadth in males and females measured a 
mean of 74.20 mm and 68.98 mm respectively. In our study, we found the Maximum 
ramus breadth in males to be 35.92 mm and 33.78 mm in females. While in their study, 
minimum ramus breadth was 51.35 mm and 46.96 mm in males and females 
respectively, our study showed a Minimum ramus breadth to be 28.00 mm in males and 
25.80 mm in females. Condylar height was reported as 131.30 mm and 123.27 mm in 
males and females respectively in their study, whereas, in our study we found that 
Condylar height in males was 66.83 mm and 61.03 mm in females. Values of 129.05 
mm in males and 120.82 mm in females were seen with respect to Projective height of 
ramus in the study by Indira A P. In the present study, we found that the Projective 
height of ramus was 65.84 mm in males and 59.79 mm in females. The last ramal 
parameter i.e, the Coronoid height measured 119.70 mm in males and 111.15 mm in 
females in their study. In our study, we found that the Coronoid height to be 56.76 mm 
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in males and 52.97 mm in females. The difference in  mandibular ramal measurement 
values in males and females were found to be statistically significant in our study as 
was in the afore mentioned study with the p value being 0.03 for Coronoid height 
measurement and 0.04 for all the other parameters, thereby indicating that the coronoid 
height is a more reliable indicator for sex determination.28 
Datta A et al carried out a study in 2015 on sex determination from human 
mandible using various morphometric parameters and their study had conclusions 
similar to our study. Their study was carried out on 50 random adult dry intact 
mandibles from Southern India and various morphometric parameters including ramal 
height and coronoid height were measured using a mandibulometer and digital calipers. 
They found the mean height of ramus to be 67.98 mm in males and 55.10 mm in 
females. While, in our study we found out that the values for the same parameter was 
65.84 mm in males and 59.79 mm in females. Like our study, this study too found the 
height of the ramus to be more in males when compared to females with the difference 
being statistically significant. 72 
Taleb N S A and associates in 2015 carried out a study among Egyptians, where 
191 Panoramic images were analysed for five mandibular ramus linear measurements, 
such as upper and lower ramus breadth, projective height, condylar and coronoid height. 
They found the mean maximum ramus breadth to be 42.2 mm in males and 40.2 mm in 
females. They found the projective ramus height to be 82.7 mm in males and 71.7 mm 
in females. They also found the condylar height to be 84.3 mm in males and 72.9 mm 
in females and the coronoid height to be 78.2 mm in males and 69.8 mm in females. 
Although overall, the linear measurements were larger of their sample population in 
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comparison with ours, both their study as well as ours shows statistically significant 
difference in linear measurements of mandible between males and females. 93 These 
difference in values among different populations emphasize the need for individual 
population based studies such as ours which will establish specific population based 
parameters. 
The results of our study was in consensus with a study by Sharma M et al in 
2016 who conducted an anthropometric study on dry skulls among the population of 
Punjab using several mandibular ramal measurements with the help of  digital vernier 
calipers.  They measured angle of mandible, diagonal length of the mandible body, 
horizontal length and minimum ramus breadth. Qualitative assessment was also made 
for the assessment of chin square, degree of robustness and ruggedness. Minimum 
ramus breadth measurements were 30.93 mm in males and 29.56 mm in females. In our 
study the minimum ramus breadth was found to be 28 mm in males and 25.80 mm in 
females.  Thus, this study was in tandem with our study with statistically higher values 
in males than in females.30 
Bhagwatkar T et al in 2016 conducted a study on hundred subjects wherein the 
ramus was analysed on panoramic radiographs to evaluate its efficacy in sex 
determination. Their results were similar to the results of our study.  They found the 
projective height of the ramus in males to be 74.46 mm and 72.8 mm in females. Their 
study found the maximum ramus breadth to be 42.01 mm in males and 37.53 mm in 
females. Minimum ramus breadth was reported as 33.02 mm in males and 31.57 mm in 
females. Condylar height was reported to be 76.83 mm in males and 73.80 mm in 
females. Coronoid height was reported at 66.02 mm in males and 63.39 mm in females. 
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Similar to our study, their study too found the linear measurements of the mandible to 
be larger in males and like our study, the difference to be statistically significant. 94 
Sambhana S et al in 2016 carried out  a research study to assess the sexual 
dimorphism using radiographic method among the population of Andhra Pradesh. They 
measured ten parameters in the mandible bilaterally and considered only the 
measurements on the right side for statistical analysis. The parameters were minimum 
ramus breadth, maximum ramus breadth, mandibular length, bicondylar breadth, 
mandibular index, ramus height, mandibular body height, gonial angle, bigonial width 
and coronoid height. The measurements for Maximum ramus breadth in their study 
were 32.27 mm and 30.5 mm in males and females respectively while the values for 
this parameter in our study was 35.92 mm in males and 33.78 mm in females. 
In the research by Sambhana S et al, Minimum ramus breadth was 27.17 mm 
and 25.09 mm in males and females respectively, while in our study we found these 
values to be 28.00 mm in males and 25.80 mm. 
In the same study, the Coronoid height measurements in males and females 
showed values of 55.48 mm 50.1mm respectively. Whereas in our study the values for 
coronoid height was found to be 56.76 mm in males and 52.97 mm in females. The 
results of this study is similar to that of our study with males showing higher 
measurements. 95 
The values and results of our study were similar to those analysed by More C B 
et al who in 2017 carried out a morphometric analysis of the mandibular ramus for sex 
determination on digital panoramic radiographs. In their study, they found the mean 
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minimum and maximum ramus breadth to be 27.44 mm and 32.27 mm respectively, 
projective height of the ramus to be 65.62 mm and coronoid height to be 59.23 mm. 
The values recorded in More et al study were similar to the values recorded in our study. 
As with our study, they too found all parameters of the ramus to be higher in males and 
statistically significant. 96 
Nagaraj T et al in 2017 published a digital radiographic study on sex 
determination using the mandibular ramus. They too like in our study found ramal 
measurements in the mandible to be higher in males when compared with females, the 
difference being statistically significant. Their values were concurrent with those 
recorded in our study. 76 
Results similar to our study were found by Mahima V G et al in 2009 who 
conducted a radiographic study among the South Indian population to assess the 
credibility of mental foramen in the identification of sex. Their study considered mental 
foramen measurements on both sides like our study. They observed measurements of 
1.84 cm and 1.87 cm on the right and left side of males and 1.61 cm and 1.64 cm among 
females with respect to the distance from the upper border of the mental foramen to the 
inferior border of the mandible. Whereas in our study the mean (S-L) of both right and 
left side measured 14.77 mm in males and 12.57 mm in females. In the study by 
Mahima V G, the distance between the lower border of the mental foramen to the 
inferior border of the mandible was 1.56 cm on the right side and 1.56 cm on the left 
side in males; 1.32 cm on the right side and  1.28 cm on the left side in females. While 
in our study, the values were found to be 11.51 mm in males and 9.55 mm in females. 
Hence, our results are in agreement with the above study.10 
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Chandra A et al in 2013 conducted a study among the North Indian population 
of Lucknow to analyse the role of mental foramen in sex determination and concluded 
that the distance from the superior and inferior borders of the mental foramen to the 
lower border of mandible were higher in males compared to that of females. The results 
of this study was in concordance with our study with mental foramen as a crucial tool 
in sex determination. The above mentioned study was conducted bilaterally where       
(S-L) measured 17.65 mm and 17.47 mm on the right and left side respectively in males 
and 16.15 mm and 15.78 mm on the right and the left side respectively in females. 
While in our study the mean (S-L) of both right and left side measured 14.77 mm in 
males and 12.57 mm in females.  
(I-L) values were 12.67 mm and 12.58 mm on the right and left sides 
respectively in males and 11.46 mm and 11.25 mm on the right and left side respectively 
in females. These values were in agreement with the measurements of our study which 
was found to be 11.51 mm in males and 9.55 mm in females, where the values in males 
were statistically higher than in females with a p value of 0.04. 97 
Thakur M and associates in 2014 published a radiographic study on sex 
determination by the mental foramen. They too made similar measurement as with our 
study from the mental foramen to the inferior border of the mandible and as with our 
study they too found statistically significant difference in the measurements between 
males and females. 69 
Naroor N et al in 2015, conducted a research in Mangalore participants to 
identify the validity of mental foramen in sexual dimorphism. This study considered 
the distance from the Superior and Inferior border of the mental foramen to the lower 
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border of the mandible on both the right and left side similar to that of our study.The 
distance from Superior border of the foramen to the lower border of the mandible was 
1.77 cm on the right side  and 1.80 cm on the left side in males; 1.59 cm and 1.56 cm 
on the left side in females in their study. While in our study, the values for the same 
parameter was found to be 14.77 mm in males and 12.57 mm in females.  In the same 
study, the distance from the inferior border of the foramen to the lower border of the 
mandible showed 1.42 cm on both sides in males and 1.26 cm and 1.18 cm on the right 
and left hand side respectively in females, whereas in our study the values for the same 
parameter was found to be 11.51 mm in males and 9.55 mm in females.Thus, their 
results were in consensus with our study with the mental foramen being an important 
tool in sexual dimorphism. 98 
Singhal K and Sharma S carried out a study in 2016, in the population of 
Haryana, wherein the sensitivity of vertical measurements of the mental foramen in sex 
determination was analysed. One of the parameters they analysed was measurements 
from the inferior border of the mental foramen to the lower border of the mandible and 
these values were statistically significant for the difference between males and females 
with findings similar and concordant to the results of our study. 99 
Malik M et al in 2016 carried out a radiographic study to evaluate the mental 
foramen as an indicator for sex determination with conclusions similar to our study. 
The parameters they measured of the mental foramen were similar to ours and their 
study too found the average values of the distance from the superior and inferior borders 
of the mental foramen to the lower border of the mandible to be significantly higher in 
males than in females. 100 
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Skeletal morphology heavily influences the sexual identification of humans. 
This has been extensively proven by researches carried out across many geographic 
areas and ethnic communities in our country. All the studies afore mentioned are in 
concordance with the inference from our study, i.e., mandibular ramus and mental 
foramen measurements are significantly higher in males than in females and are vital 
indicators of sexual dimorphism. Earlier studies as quoted in our literature review show 
that the skeletal morphometric measurements show wide variation among different 
populations and ethnic groups, thereby, highlighting the need for population specific 
studies, such as ours, thus establishing baseline data for individual populations. 
 
 
 
  
 
 
 
 
 
 
 
 
SUMMARY & CONCLUSION 
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Sex determination is the foremost step in forensic investigations for personnel 
identification. Determination of age and ethnic background antecede sex 
determination. The present study is a population specific study to determine the 
credibility of mandible in sex determination, using several parameters of the 
mandibular ramus and mental foramen. 
Digital orthopantamograms from archival sections were used for this study.  A 
total sample size of 250 was considered, which satisfied the inclusion and exclusion 
criteria. The parameters in the mandibular ramus were as follows: maximum ramus 
breadth, minimum ramus breadth, condylar height, projective height of ramus and 
coronoid height. The parameters of the mental foramen were as follows: distance 
from the superior border of the mental foramen to the lower border of the mandible 
and distance from the lower border of the mental foramen to the lower border of the 
mandible. Mouse-driven method of analysis was used for all the parameters, which 
were measured both on the right and left hand side. The values were tabulated, 
average of right and left side was considered and statistically analysed. 
A statistically significant difference in mandibular parameter values was seen 
between males and females with the values in males being higher than in females. 
Measurements of the maximum ramus breadth was found to be 35.92±2.78 in males 
and 33.78±3.56 in females (p= 0.04). While, the minimum ramus breadth was found 
to be 28.00±2.19 in males and 25.80 ±1.93 in females (p= 0.04). Measurements of the 
condylar height showed that the mean condylar height of 66.83±4.90 and 61.03±4.67 
in males and females respectively. The difference in measurements of the condylar 
height between males and females were found to be statistically significant with a p 
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value of 0.04. Measurements of the coronoid height were made on both radiographs 
of males and females and the mean measurement of the coronoid height in males was 
found to be 56.76±4.34 and 52.97±3.78 in females. Comparison of the values between 
males and females concluded statistically significant results with a p value of 0.03. 
Measurements of the projective height of the ramus were carried out in both males 
and females. The mean projective height in males was 65.84±5.18 and 59.79±4.34 in 
females. Statistical analysis of the values were found to be statistically significant 
with p value of 0.04.  
Measurements of the mental foramen were made from the superior border of 
the mental foramen to the lower border of the mandible and from inferior border of 
the mental foramen to the lower border of the mandible. The measurements of the 
distance from (S-L) were found to be 14.77±2.67 and 12.57±1.54 in males and 
females respectively. Difference in values between males and females were found to 
be statistically significant with a p value of 0.04.  
Measurement of the mental foramen were made from the inferior border of the 
mental foramen to the lower border of the mandible and were found to be 11.51±2.19 
in males and 9.55±1.64 in females. Comparison and statistical analysis of the values 
between males and females were found to be statistically significant with p value of 
0.04. 
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The human skeletal system is comprised of several strong bones which exhibit 
sexual dimorphism. Earlier studies have proven that mandible has upto 92% accuracy 
in sex determination. The mandible is a strong bone with well-established landmarks 
which are stable through age changes. Variations in the morphology of the facial 
skeleton is due to stages of mandibular development, rate and duration of growth are 
different in the sexes. Masticatory forces also influence the shape of the ramus.  These 
features play a crucial role in the classification of skeletal remains as males and 
females. Morphometric analyses are of paramount standing due to objectivity, 
veracity, reproducibility and reduced bias. 
The mandible has several features which have distinctive qualitative and 
quantitative aspects. The mandibular ramus and mental foramen have distinctive 
sexually dimorphic features. In our research, with respect to the present population, 
males had higher values compared to females, which is in concordance with previous 
studies. Mandibular ramus had more statistically significant dimorphic features 
compared to the mental foramen. According to our study, Coronoid height is the most 
significant parameter in sex determination. Thus, from the results of the present study 
we can conclude that the mandible is an efficacious tool in sex determination and our 
study has established base line values for this population. 
Further studies along the various ethnic groups of our country establishing the 
reliability of these parameters in sex determination as well as establishing baseline 
values would be useful to authenticate forensic data bases. 
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A COMPARATIVE ANALYSIS OF MANDIBULAR RAMUS AND 
MENTAL FORAMEN IN SEX DETERMINATION AMONG THE 
POPULATION OF KANYAKUMARI DISTRICT 
DATA SHEET 
 
SAMPLE NUMBER:  
NAME:                                                                                            AGE:     in years. 
SEX: M/F   ADDRESS: 
CONTACT NUMBER: 
 
A. Measurements of Mandibular ramus. 
 
 
B. Measurements of Mental foramen 
 
Variable Measurements in “mm” 
   Right Left 
(S-L)   
(I-L)   
 
Variable Measurements in “mm” 
Right Left 
Maximum ramus breadth   
Minimum ramus breadth   
Condylar height   
Projective height of ramus   
Coronoid height   
RAW DATA SHEET 
MALES 
Male 
Patient  
Maximum 
ramus  
breadth-R* 
Maximum 
ramus  
breadth-L* 
Minimum 
ramus  
breadth-R* 
Minimum 
ramus  
breadth-L* 
Condylar 
height-R* 
Condylar 
height-L* 
Coronoid 
height-R* 
Coronoid 
height-L* 
Projective 
height of 
ramus-R* 
Projective 
height of 
ramus-L* 
(S-L):
Right* 
(S-L): 
Left* 
(I-L): 
Right* 
(I-L): 
Left* 
1 41.6 41 32 33.7 64.9 63.7 52.6 54.7 60.3 60.8 14.5 14.6 10.6 10.4 
2 35.8 39.9 29.1 33.3 67.1 69.1 59.1 57.6 66.7 69.1 16.9 16.1 12.1 12.3 
3 28.6 30.5 27.2 28.8 64.1 59 48.1 44.7 62.6 58.3 8.1 6.7 5 4.8 
4 36.1 33.5 30.3 28 68.6 65.7 58.8 58.8 68.7 65.4 12.8 13.6 9.7 10.2 
5 35 39.7 25.5 29.9 57 57.8 52.3 52.1 56.2 57.4 13.2 11.6 10.1 8.3 
6 40.7 39.1 32.9 30.9 69.5 71.2 64.1 65.8 69.8 71.2 12.1 13.6 7.8 8.4 
7 36.5 35 28 25.9 67.9 65.9 59.3 53.3 66.3 64.2 14 11.9 10.6 9.4 
8 34.7 34.8 25.9 26.5 65.6 63.6 54.9 55.4 63.3 64.1 17.7 13.7 12.4 10.6 
9 40.3 34.5 33.3 28.1 72.8 72.3 57.6 62.6 71.2 72.4 17.2 15.3 12.7 10.5 
10 37.5 36.7 29 33.1 65.6 65.9 54.1 55.4 64.7 65 19.4 17.1 15.1 13.2 
11 32.7 39.1 22.2 25.3 69.5 68.6 62.6 60.1 69.4 68.6 16.7 13.8 13.8 11.9 
12 33.6 32.1 26 23.7 59.5 61.4 52.1 52.3 59.6 59.7 12.7 11.9 9.7 9.2 
13 34.9 36 30.3 30.3 72.8 71.7 60.7 59.2 72.6 71.6 14.4 15 11.4 13.2 
14 33.5 34.4 28.1 27.7 60.3 63.2 58 60.1 58.3 61.8 14.5 15 12.4 11.7 
15 35 35.6 28 28.5 25.4 54.5 53.7 52.9 55.2 54.8 11.3 11.4 9.2 9.3 
16 39.7 38.5 33.6 30.5 69 65.7 56.8 54.9 66.3 64.4 14.6 15.4 11.7 11.9 
17 36.8 39.7 23.3 27.4 66.1 71.2 49.3 49.8 62.3 67.5 14.5 13.8 10.7 10.7 
18 36 32.8 26.9 26.1 64.9 67.8 57.8 59.3 61.9 67.3 14.3 15.9 11.9 13.1 
19 35 37.1 27.2 28.4 63.3 64.6 57.7 51.4 61.6 62.5 15.6 16.1 11.3 12.8 
20 33.1 34.9 23.2 27.5 71.4 74.4 61.2 60.8 71.3 74.6 17.3 18 14.2 16.5 
21 33.9 46.3 24.1 33.2 68.4 71.2 57.9 62.2 67.7 70.1 11.7 12 8.8 10.3 
22 35.2 35.4 25.5 25 59.6 60.9 53.5 51.4 57.2 57.7 16.2 16 13.8 13 
23 32.1 34 27.4 27.8 68.1 68.6 52.8 57.6 66.9 66.1 12.8 13.1 9.3 10.6 
24 40.1 38.7 29 29.2 70.1 68 63.1 53.9 64.4 64.6 15 14.1 11.5 11 
25 38.6 30.9 27.7 27.4 77.5 79.9 62.5 59.9 76.5 79 17.1 16.1 14.2 13.4 
26 36.2 37 31.3 29 72.4 73 58.7 58.2 72.8 73 15.5 20.6 13 16.9 
27 28.1 37.6 21.2 26 63.9 66.6 50.4 52.1 60.6 63.2 17 14.5 14.1 10.3 
28 34.4 37.8 27.1 24.9 72 74.6 55.5 58.5 70.8 72.5 14.2 20.8 11 18.2 
29 36 44.2 26.7 31.7 67.6 68.1 66.8 60.1 63.1 60.8 11.2 11.9 7.9 8.9 
30 35.2 31.5 31.7 27.7 68.5 69.9 57.6 54.9 68.2 69.7 15.7 14.2 11.5 12.2 
31 30.3 38 23.3 30.4 68.2 65.3 46.4 51.5 66.6 63.6 11.4 14 8 10.3 
32 30.3 39.9 24.5 27.8 62.2 65.1 56.6 58.5 58.6 62.6 13.8 14 10.3 11.1 
33 34.8 39.3 25.6 28.7 69.7 70.9 62.5 63.4 69.2 71 16.4 17.4 12.3 14.3 
34 33.8 38.7 26.4 30.1 62.1 64.4 54.2 52.9 59.9 64 16.1 17.3 13 14.6 
35 39.3 37.7 30.1 27.7 68.6 68.7 59.5 56.3 67.3 66.8 14.1 16.9 11.7 13.7 
36 31.9 36.2 26.6 27.7 71.5 73.6 53.9 61.5 71.4 73.7 14.3 15.4 11 12.4 
37 36.7 33.4 27 29.1 73 71.7 63.7 60.3 72.2 70 17.2 19.5 12.7 15.4 
38 29.8 30.7 22.7 23.5 68.9 69.3 55.7 59.3 68.6 69.1 19.2 19 16.8 14.7 
39 41.6 41 32 33.7 64.9 63.7 52.6 54.7 60.3 60.8 14.5 14.6 10.6 10.4 
40 35.8 39.9 29.1 33.3 67.1 69.1 59.1 57.6 66.7 69.1 16.9 16.1 12.1 12.3 
41 28.6 30.5 27.2 28.8 64.1 59 48.1 44.7 62.6 58.3 8.1 6.7 5 4.8 
42 36.1 33.5 30.3 28 68.6 65.7 58.8 58.8 68.7 65.4 12.8 13.6 9.7 10.2 
43 35 39.7 25.5 29.9 57 57.8 52.3 52.1 56.2 57.4 13.2 11.6 10.1 8.3 
44 40.7 39.1 32.9 30.9 69.5 71.2 64.1 65.8 69.8 71.2 12.1 13.6 7.8 8.4 
45 36.5 35 28 25.9 67.9 65.9 59.3 53.3 66.3 64.2 14 11.9 10.6 9.4 
46 34.7 34.8 25.9 26.5 65.6 63.6 54.9 55.4 63.3 64.1 17.7 13.7 12.4 10.6 
47 40.3 34.5 33.3 28.1 72.8 72.3 57.6 62.6 71.2 72.4 17.2 15.3 12.7 10.5 
48 37.5 36.7 29 33.1 65.6 65.9 54.1 55.4 64.7 65 19.4 17.1 15.1 13.2 
49 32.7 39.1 22.2 25.3 69.5 68.6 62.6 60.1 69.4 68.6 16.7 13.8 13.8 11.9 
50 33.6 32.1 26 23.7 59.5 61.4 52.1 52.3 59.6 59.7 12.7 11.9 9.7 9.2 
51 34.9 36 30.3 30.3 72.8 71.7 60.7 59.2 72.6 71.6 14.4 15 11.4 13.2 
52 33.5 34.4 28.1 27.7 60.3 63.2 58 60.1 58.3 61.8 14.5 15 12.4 11.7 
53 35 35.6 28 28.5 25.4 54.5 53.7 52.9 55.2 54.8 11.3 11.4 9.2 9.3 
54 39.7 38.5 33.6 30.5 69 65.7 56.8 54.9 66.3 64.4 14.6 15.4 11.7 11.9 
55 36.8 39.7 23.3 27.4 66.1 71.2 49.3 49.8 62.3 67.5 14.5 13.8 10.7 10.7 
56 36 32.8 26.9 26.1 64.9 67.8 57.8 59.3 61.9 67.3 14.3 15.9 11.9 13.1 
57 35 37.1 27.2 28.4 63.3 64.6 57.7 51.4 61.6 62.5 15.6 16.1 11.3 12.8 
58 33.1 34.9 23.2 27.5 71.4 74.4 61.2 60.8 71.3 74.6 17.3 18 14.2 16.5 
59 33.9 46.3 24.1 33.2 68.4 71.2 57.9 62.2 67.7 70.1 11.7 12 8.8 10.3 
60 35.2 35.4 25.5 25 59.6 60.9 53.5 51.4 57.2 57.7 16.2 16 13.8 13 
61 32.1 34 27.4 27.8 68.1 68.6 52.8 57.6 66.9 66.1 12.8 13.1 9.3 10.6 
62 40.1 38.7 29 29.2 70.1 68 63.1 53.9 64.4 64.6 15 14.1 11.5 11 
63 38.6 30.9 27.7 27.4 77.5 79.9 62.5 59.9 76.5 79 17.1 16.1 14.2 13.4 
64 36.2 37 31.3 29 72.4 73 58.7 58.2 72.8 73 15.5 20.6 13 16.9 
65 28.1 37.6 21.2 26 63.9 66.6 50.4 52.1 60.6 63.2 17 14.5 14.1 10.3 
66 34.4 37.8 27.1 24.9 72 74.6 55.5 58.5 70.8 72.5 14.2 20.8 11 18.2 
67 36 44.2 26.7 31.7 67.6 68.1 66.8 60.1 63.1 60.8 11.2 11.9 7.9 8.9 
68 35.2 31.5 31.7 27.7 68.5 69.9 57.6 54.9 68.2 69.7 15.7 14.2 11.5 12.2 
69 30.3 38 23.3 30.4 68.2 65.3 46.4 51.5 66.6 63.6 11.4 14 8 10.3 
70 30.3 39.9 24.5 27.8 62.2 65.1 56.6 58.5 58.6 62.6 13.8 14 10.3 11.1 
71 34.8 39.3 25.6 28.7 69.7 70.9 62.5 63.4 69.2 71 16.4 17.4 12.3 14.3 
72 33.8 38.7 26.4 30.1 62.1 64.4 54.2 52.9 59.9 64 16.1 17.3 13 14.6 
73 39.3 37.7 30.1 27.7 68.6 68.7 59.5 56.3 67.3 66.8 14.1 16.9 11.7 13.7 
74 31.9 36.2 26.6 27.7 71.5 73.6 53.9 61.5 71.4 73.7 14.3 15.4 11 12.4 
75 36.7 33.4 27 29.1 73 71.7 63.7 60.3 72.2 70 17.2 19.5 12.7 15.4 
76 29.8 30.7 22.7 23.5 68.9 69.3 55.7 59.3 68.6 69.1 19.2 19 16.8 14.7 
77 41.6 41 32 33.7 64.9 63.7 52.6 54.7 60.3 60.8 14.5 14.6 10.6 10.4 
78 35.8 39.9 29.1 33.3 67.1 69.1 59.1 57.6 66.7 69.1 16.9 16.1 12.1 12.3 
79 28.6 30.5 27.2 28.8 64.1 59 48.1 44.7 62.6 58.3 8.1 6.7 5 4.8 
80 36.1 33.5 30.3 28 68.6 65.7 58.8 58.8 68.7 65.4 12.8 13.6 9.7 10.2 
81 35 39.7 25.5 29.9 57 57.8 52.3 52.1 56.2 57.4 13.2 11.6 10.1 8.3 
82 40.7 39.1 32.9 30.9 69.5 71.2 64.1 65.8 69.8 71.2 12.1 13.6 7.8 8.4 
83 36.5 35 28 25.9 67.9 65.9 59.3 53.3 66.3 64.2 14 11.9 10.6 9.4 
84 34.7 34.8 25.9 26.5 65.6 63.6 54.9 55.4 63.3 64.1 17.7 13.7 12.4 10.6 
85 40.3 34.5 33.3 28.1 72.8 72.3 57.6 62.6 71.2 72.4 17.2 15.3 12.7 10.5 
86 37.5 36.7 29 33.1 65.6 65.9 54.1 55.4 64.7 65 19.4 17.1 15.1 13.2 
87 32.7 39.1 22.2 25.3 69.5 68.6 62.6 60.1 69.4 68.6 16.7 13.8 13.8 11.9 
88 33.6 32.1 26 23.7 59.5 61.4 52.1 52.3 59.6 59.7 12.7 11.9 9.7 9.2 
89 34.9 36 30.3 30.3 72.8 71.7 60.7 59.2 72.6 71.6 14.4 15 11.4 13.2 
90 33.5 34.4 28.1 27.7 60.3 63.2 58 60.1 58.3 61.8 14.5 15 12.4 11.7 
91 35 35.6 28 28.5 25.4 54.5 53.7 52.9 55.2 54.8 11.3 11.4 9.2 9.3 
92 39.7 38.5 33.6 30.5 69 65.7 56.8 54.9 66.3 64.4 14.6 15.4 11.7 11.9 
93 36.8 39.7 23.3 27.4 66.1 71.2 49.3 49.8 62.3 67.5 14.5 13.8 10.7 10.7 
94 36 32.8 26.9 26.1 64.9 67.8 57.8 59.3 61.9 67.3 14.3 15.9 11.9 13.1 
95 35 37.1 27.2 28.4 63.3 64.6 57.7 51.4 61.6 62.5 15.6 16.1 11.3 12.8 
96 33.1 34.9 23.2 27.5 71.4 74.4 61.2 60.8 71.3 74.6 17.3 18 14.2 16.5 
97 33.9 46.3 24.1 33.2 68.4 71.2 57.9 62.2 67.7 70.1 11.7 12 8.8 10.3 
98 35.2 35.4 25.5 25 59.6 60.9 53.5 51.4 57.2 57.7 16.2 16 13.8 13 
99 32.1 34 27.4 27.8 68.1 68.6 52.8 57.6 66.9 66.1 12.8 13.1 9.3 10.6 
100 40.1 38.7 29 29.2 70.1 68 63.1 53.9 64.4 64.6 15 14.1 11.5 11 
101 38.6 30.9 27.7 27.4 77.5 79.9 62.5 59.9 76.5 79 17.1 16.1 14.2 13.4 
102 36.2 37 31.3 29 72.4 73 58.7 58.2 72.8 73 15.5 20.6 13 16.9 
103 28.1 37.6 21.2 26 63.9 66.6 50.4 52.1 60.6 63.2 17 14.5 14.1 10.3 
104 34.4 37.8 27.1 24.9 72 74.6 55.5 58.5 70.8 72.5 14.2 20.8 11 18.2 
105 36 44.2 26.7 31.7 67.6 68.1 66.8 60.1 63.1 60.8 11.2 11.9 7.9 8.9 
106 35.2 31.5 31.7 27.7 68.5 69.9 57.6 54.9 68.2 69.7 15.7 14.2 11.5 12.2 
107 30.3 38 23.3 30.4 68.2 65.3 46.4 51.5 66.6 63.6 11.4 14 8 10.3 
108 30.3 39.9 24.5 27.8 62.2 65.1 56.6 58.5 58.6 62.6 13.8 14 10.3 11.1 
109 34.8 39.3 25.6 28.7 69.7 70.9 62.5 63.4 69.2 71 16.4 17.4 12.3 14.3 
110 33.8 38.7 26.4 30.1 62.1 64.4 54.2 52.9 59.9 64 16.1 17.3 13 14.6 
111 39.3 37.7 30.1 27.7 68.6 68.7 59.5 56.3 67.3 66.8 14.1 16.9 11.7 13.7 
112 31.9 36.2 26.6 27.7 71.5 73.6 53.9 61.5 71.4 73.7 14.3 15.4 11 12.4 
113 36.7 33.4 27 29.1 73 71.7 63.7 60.3 72.2 70 17.2 19.5 12.7 15.4 
114 29.8 30.7 22.7 23.5 68.9 69.3 55.7 59.3 68.6 69.1 19.2 19 16.8 14.7 
115 41.6 41 32 33.7 64.9 63.7 52.6 54.7 60.3 60.8 14.5 14.6 10.6 10.4 
116 35.8 39.9 29.1 33.3 67.1 69.1 59.1 57.6 66.7 69.1 16.9 16.1 12.1 12.3 
117 28.6 30.5 27.2 28.8 64.1 59 48.1 44.7 62.6 58.3 8.1 6.7 5 4.8 
118 36.1 33.5 30.3 28 68.6 65.7 58.8 58.8 68.7 65.4 12.8 13.6 9.7 10.2 
119 35 39.7 25.5 29.9 57 57.8 52.3 52.1 56.2 57.4 13.2 11.6 10.1 8.3 
120 40.7 39.1 32.9 30.9 69.5 71.2 64.1 65.8 69.8 71.2 12.1 13.6 7.8 8.4 
121 36.5 35 28 25.9 67.9 65.9 59.3 53.3 66.3 64.2 14 11.9 10.6 9.4 
122 34.7 34.8 25.9 26.5 65.6 63.6 54.9 55.4 63.3 64.1 17.7 13.7 12.4 10.6 
123 40.3 34.5 33.3 28.1 72.8 72.3 57.6 62.6 71.2 72.4 17.2 15.3 12.7 10.5 
124 37.5 36.7 29 33.1 65.6 65.9 54.1 55.4 64.7 65 19.4 17.1 15.1 13.2 
125 32.7 39.1 22.2 25.3 69.5 68.6 62.6 60.1 69.4 68.6 16.7 13.8 13.8 11.9 
* - measurements in millimeter 
FEMALES 
Male 
Patient 
Maximum 
ramus  
breadth-R* 
Maximum 
ramus  
breadth-L* 
Minimum 
ramus  
breadth-R* 
Minimum 
ramus  
breadth-L* 
Condylar 
height-R* 
Condylar 
height-L* 
Coronoid 
height-R* 
Coronoid 
height-L* 
Projective 
height of 
ramus-R* 
Projective 
height of 
ramus-L* 
(S-L):
Right* 
(S-L): 
Left* 
(I-L): 
Right* 
(I-L): 
Left* 
1 36.7 36.6 27.4 27 69 67.9 60.5 57.1 69.2 67.9 13.2 12.3 9.3 8.2 
2 33.5 37.9 24.7 27.7 65.8 66.9 57.3 63.5 65.1 65.7 11.1 13.1 8.2 11.6 
3 33.5 38.9 28.6 31.5 58 57.2 53.9 60.9 59.2 59 13 13.4 8.9 8.9 
4 37.8 40.3 27.7 28.4 60.8 60.3 54.7 54.4 58.1 58.8 12.9 14 8.6 9.1 
5 29.2 33.7 24 27.6 59.4 61.7 52.9 57 58.9 60.9 14.4 14.1 11.3 10.6 
6 34.9 33.3 26.7 29.1 56.7 60.7 54.3 55.3 54.7 59.2 11.8 13.2 9.3 10.1 
7 42.5 43.2 27 29 58.8 57.7 55.8 55.8 57 57.2 13.2 14.9 11.5 12.8 
8 32.7 37.2 23.7 26.5 55.8 57.5 48.5 53 54.7 55.8 12.4 11.8 9.6 7.9 
9 35.1 39.3 24 28.1 65.1 69.4 58.5 60.9 64.7 68.5 14 18 10.9 14.2 
10 32.3 37.3 25.3 28.6 53.4 57.9 53.9 54.8 53.6 56.8 16.1 14.7 13.4 11.6 
11 31.2 33.1 26.3 25.4 59.1 61.2 53 51.6 58.1 60 14.9 13.8 12.4 10.7 
12 33.5 28.6 28.5 20.33 54.3 51.9 49.2 44.8 52.9 50.7 13.4 14.6 11.5 12.4 
13 36.3 37.6 30.8 31.3 65.9 67 54.1 57.3 66 67.3 13.7 12.4 9.3 8.2 
14 35 39.7 25.5 29.9 57 57.8 52.3 52.1 56.2 57.4 13.2 11.6 8.9 9.3 
15 31.5 33.4 24.4 26.4 61.6 60.2 46.8 50.2 59.2 59.7 11 13 9.2 8.8 
16 29.7 30 24.7 25.5 57.9 58 46.9 47.8 57.2 56.9 8.9 11.5 10.1 9.2 
17 38.2 38.9 34.3 31.2 65.1 63 57.8 60.3 64.4 63.1 14.6 13.1 12.1 11.3 
18 36.1 33.5 30.3 28 68.6 65.7 58.8 58.8 68.7 65.4 12.8 13.6 9.2 10.1 
19 27.6 35.5 23.2 25.9 54.8 55 45.9 49.5 53.6 53.2 12.6 14.2 9.3 11.4 
20 33.2 31 28.4 28.2 58 60.9 51.7 48.6 57.7 60.3 10.7 15.5 7.2 10.1 
21 36.7 40.5 26.8 29 57.4 62 52.5 52.7 57.7 60.4 13.6 12.8 9.9 8.9 
22 31.5 32 25.6 26.9 58 51.2 47.8 47.9 56.8 51.4 8.5 8.9 6.7 6.9 
23 34.3 33.5 29.8 31.3 66.7 68.6 54.2 53.9 66.5 68.6 11.6 12.7 8.8 10.1 
24 34.4 37.4 23.3 30.3 60.1 60.7 51.6 52.5 58.3 59.5 14.4 13.2 10.6 9.7 
25 29 30.4 23.3 24.5 61.9 59.7 48.6 48.1 60.2 57.6 13.1 13.7 9.7 10.6 
26 34.4 32.2 25.4 24.3 61.9 60.5 50.8 53.4 59.5 61.2 11.6 12.8 9.6 10.4 
27 36.3 34.4 26.3 25.3 59.2 61.1 52.7 55.4 57.2 60.4 13.4 15.6 10.1 11.5 
28 35.8 36.7 28.6 32.9 70.5 72.1 58.3 55.2 70.6 72 12.7 12.4 10 10.9 
29 34.6 34 26.3 25.3 62.8 66.8 51.2 53.6 60.3 64.5 10.9 11.7 7.2 8.3 
30 32.7 39.9 27.3 31.3 63.2 65.8 51.4 57.8 61.7 64.6 11.5 12.5 7.8 8.6 
31 30.5 27.2 24.5 22 59.4 57.1 50.2 45.9 58.2 56.4 11.7 15 9.9 9.9 
32 41.1 41.1 28.6 27.8 58.4 58.2 58.4 58.1 59.2 57.8 15.2 14.2 12.1 11.3 
33 31.3 35.3 21.4 22.8 56.1 59.5 47.6 51.8 53.5 54.7 13 13.8 9.6 11.3 
34 35.3 34.3 26.3 25.5 60.5 61.3 50.9 49.9 58.2 59.3 12.2 14.7 10.3 11.6 
35 33.6 35.2 31.3 30.6 60.4 60.2 51.1 53 58 59.2 15.7 13.8 12.8 11.3 
36 38.3 35.6 30.9 30.7 63.7 63.9 46.8 47.3 59.6 60.6 12.8 13.4 10.3 9.7 
37 33.8 35.8 23.2 27 52.7 53.4 50.5 47.1 46.7 48.3 13.6 11.8 8.9 9 
38 32.2 35.4 25.9 28.1 67.2 72 58.2 56.4 65.5 68.9 12.4 12 9.5 8.9 
39 40.7 42.8 26.1 29.4 59.6 62.4 54.4 55.4 54.8 58.4 15.3 13.7 11.9 10.9 
40 33 33.6 21.2 23.3 57.4 61.8 48 51.5 55.8 60.8 13.8 9.8 16 13 
41 30.8 32.5 23 27.8 64 65.7 46.7 45.3 62.9 63.4 12.6 13.9 9.6 10.5 
42 39.3 45.3 24.5 26.4 54.8 58.5 54 55 52.9 54.1 14.3 13.6 10.9 10.7 
43 31.7 35.6 24.7 26.3 62.8 61.3 49.5 48.1 62.8 60.4 12.4 13.1 9.3 10.5 
44 32.3 34.4 24.7 26.4 61 63.9 51.9 63.9 59.3 62.6 12.8 11.8 8.3 7.9 
45 29.2 36.4 21.9 27.4 64.4 74 52.2 51.7 61.5 69.3 9.1 13.1 6 9 
46 33.5 32.1 26.1 22.9 61.7 63.4 59.8 59.6 61.3 62.3 15.1 15 12 12.5 
47 31.8 31 24.7 25.9 57.4 56.1 49.2 46.1 55.1 53.8 13 13.5 10.5 10 
48 36.7 36.6 27.4 27 69 67.9 60.5 57.1 69.2 67.9 13.2 12.3 9.3 8.2 
49 33.5 37.9 24.7 27.7 65.8 66.9 57.3 63.5 65.1 65.7 11.1 13.1 8.2 11.6 
50 33.5 38.9 28.6 31.5 58 57.2 53.9 60.9 59.2 59 13 13.4 8.9 8.9 
51 37.8 40.3 27.7 28.4 60.8 60.3 54.7 54.4 58.1 58.8 12.9 14 8.6 9.1 
52 29.2 33.7 24 27.6 59.4 61.7 52.9 57 58.9 60.9 14.4 14.1 11.3 10.6 
53 34.9 33.3 26.7 29.1 56.7 60.7 54.3 55.3 54.7 59.2 11.8 13.2 9.3 10.1 
45 42.5 43.2 27 29 58.8 57.7 55.8 55.8 57 57.2 13.2 14.9 11.5 12.8 
55 32.7 37.2 23.7 26.5 55.8 57.5 48.5 53 54.7 55.8 12.4 11.8 9.6 7.9 
56 35.1 39.3 24 28.1 65.1 69.4 58.5 60.9 64.7 68.5 14 18 10.9 14.2 
57 32.3 37.3 25.3 28.6 53.4 57.9 53.9 54.8 53.6 56.8 16.1 14.7 13.4 11.6 
58 31.2 33.1 26.3 25.4 59.1 61.2 53 51.6 58.1 60 14.9 13.8 12.4 10.7 
59 33.5 28.6 28.5 20.33 54.3 51.9 49.2 44.8 52.9 50.7 13.4 14.6 11.5 12.4 
60 36.3 37.6 30.8 31.3 65.9 67 54.1 57.3 66 67.3 13.7 12.4 9.3 8.2 
61 35 39.7 25.5 29.9 57 57.8 52.3 52.1 56.2 57.4 13.2 11.6 8.9 9.3 
62 31.5 33.4 24.4 26.4 61.6 60.2 46.8 50.2 59.2 59.7 11 13 9.2 8.8 
63 29.7 30 24.7 25.5 57.9 58 46.9 47.8 57.2 56.9 8.9 11.5 10.1 9.2 
64 38.2 38.9 34.3 31.2 65.1 63 57.8 60.3 64.4 63.1 14.6 13.1 12.1 11.3 
65 36.1 33.5 30.3 28 68.6 65.7 58.8 58.8 68.7 65.4 12.8 13.6 9.2 10.1 
66 27.6 35.5 23.2 25.9 54.8 55 45.9 49.5 53.6 53.2 12.6 14.2 9.3 11.4 
67 33.2 31 28.4 28.2 58 60.9 51.7 48.6 57.7 60.3 10.7 15.5 7.2 10.1 
68 36.7 40.5 26.8 29 57.4 62 52.5 52.7 57.7 60.4 13.6 12.8 9.9 8.9 
69 31.5 32 25.6 26.9 58 51.2 47.8 47.9 56.8 51.4 8.5 8.9 6.7 6.9 
70 37.2 36.9 24.5 25.1 53.8 54.2 51.5 49.1 51.7 52.6 14.5 13.2 11.6 10.3 
71 29 29.5 21.6 22 63.7 56.9 49.4 50.3 61.6 56.8 13.2 13.1 9.7 9.2 
72 41.3 34.3 29.1 27.1 66.4 68.6 59.7 52.7 66.7 68.8 11.8 11.4 6.2 8.9 
73 35.5 38.7 29.7 34 68.2 72.2 56.1 57.1 68.4 72 12.1 13.2 8.6 10.3 
74 32.2 32.2 34.1 23.7 54.3 56.9 47.5 46.8 54.4 56.2 13.8 12.3 10 8.6 
75 33.2 37 25.4 28.8 67 71.8 53.4 62.9 66.9 69.5 15.5 14.8 11 11.7 
76 28.9 33.4 26.1 28.2 63.3 65.6 46.1 49.6 63.2 63.8 14.7 9 11 8.6 
77 34.3 33.5 29.8 31.3 66.7 68.6 54.2 53.9 66.5 68.6 11.6 12.7 8.8 10.1 
78 34.4 37.4 23.3 30.3 60.1 60.7 51.6 52.5 58.3 59.5 14.4 13.2 10.6 9.7 
79 29 30.4 23.3 24.5 61.9 59.7 48.6 48.1 60.2 57.6 13.1 13.7 9.7 10.6 
80 34.4 32.2 25.4 24.3 61.9 60.5 50.8 53.4 59.5 61.2 11.6 12.8 9.6 10.4 
81 36.3 34.4 26.3 25.3 59.2 61.1 52.7 55.4 57.2 60.4 13.4 15.6 10.1 11.5 
82 35.8 36.7 28.6 32.9 70.5 72.1 58.3 55.2 70.6 72 12.7 12.4 10 10.9 
83 34.6 34 26.3 25.3 62.8 66.8 51.2 53.6 60.3 64.5 10.9 11.7 7.2 8.3 
84 32.7 39.9 27.3 31.3 63.2 65.8 51.4 57.8 61.7 64.6 11.5 12.5 7.8 8.6 
85 30.5 27.2 24.5 22 59.4 57.1 50.2 45.9 58.2 56.4 11.7 15 9.9 9.9 
86 41.1 41.1 28.6 27.8 58.4 58.2 58.4 58.1 59.2 57.8 15.2 14.2 12.1 11.3 
87 31.3 35.3 21.4 22.8 56.1 59.5 47.6 51.8 53.5 54.7 13 13.8 9.6 11.3 
88 35.3 34.3 26.3 25.5 60.5 61.3 50.9 49.9 58.2 59.3 12.2 14.7 10.3 11.6 
89 33.6 35.2 31.3 30.6 60.4 60.2 51.1 53 58 59.2 15.7 13.8 12.8 11.3 
90 38.3 35.6 30.9 30.7 63.7 63.9 46.8 47.3 59.6 60.6 12.8 13.4 10.3 9.7 
91 33.8 35.8 23.2 27 52.7 53.4 50.5 47.1 46.7 48.3 13.6 11.8 8.9 9 
92 32.2 35.4 25.9 28.1 67.2 72 58.2 56.4 65.5 68.9 12.4 12 9.5 8.9 
93 40.7 42.8 26.1 29.4 59.6 62.4 54.4 55.4 54.8 58.4 15.3 13.7 11.9 10.9 
94 33 33.6 21.2 23.3 57.4 61.8 48 51.5 55.8 60.8 13.8 9.8 16 13 
95 30.8 32.5 23 27.8 64 65.7 46.7 45.3 62.9 63.4 12.6 13.9 9.6 10.5 
96 39.3 45.3 24.5 26.4 54.8 58.5 54 55 52.9 54.1 14.3 13.6 10.9 10.7 
97 31.7 35.6 24.7 26.3 62.8 61.3 49.5 48.1 62.8 60.4 12.4 13.1 9.3 10.5 
98 32.3 34.4 24.7 26.4 61 63.9 51.9 63.9 59.3 62.6 12.8 11.8 8.3 7.9 
99 29.2 36.4 21.9 27.4 64.4 74 52.2 51.7 61.5 69.3 9.1 13.1 6 9 
100 33.5 32.1 26.1 22.9 61.7 63.4 59.8 59.6 61.3 62.3 15.1 15 12 12.5 
101 31.8 31 24.7 25.9 57.4 56.1 49.2 46.1 55.1 53.8 13 13.5 10.5 10 
102 36.7 36.6 27.4 27 69 67.9 60.5 57.1 69.2 67.9 13.2 12.3 9.3 8.2 
103 33.5 37.9 24.7 27.7 65.8 66.9 57.3 63.5 65.1 65.7 11.1 13.1 8.2 11.6 
104 33.5 38.9 28.6 31.5 58 57.2 53.9 60.9 59.2 59 13 13.4 8.9 8.9 
105 37.8 40.3 27.7 28.4 60.8 60.3 54.7 54.4 58.1 58.8 12.9 14 8.6 9.1 
106 29.2 33.7 24 27.6 59.4 61.7 52.9 57 58.9 60.9 14.4 14.1 11.3 10.6 
107 34.9 33.3 26.7 29.1 56.7 60.7 54.3 55.3 54.7 59.2 11.8 13.2 9.3 10.1 
108 42.5 43.2 27 29 58.8 57.7 55.8 55.8 57 57.2 13.2 14.9 11.5 12.8 
109 32.7 37.2 23.7 26.5 55.8 57.5 48.5 53 54.7 55.8 12.4 11.8 9.6 7.9 
110 35.1 39.3 24 28.1 65.1 69.4 58.5 60.9 64.7 68.5 14 18 10.9 14.2 
111 32.3 37.3 25.3 28.6 53.4 57.9 53.9 54.8 53.6 56.8 16.1 14.7 13.4 11.6 
112 31.2 33.1 26.3 25.4 59.1 61.2 53 51.6 58.1 60 14.9 13.8 12.4 10.7 
113 33.5 28.6 28.5 20.33 54.3 51.9 49.2 44.8 52.9 50.7 13.4 14.6 11.5 12.4 
114 36.3 37.6 30.8 31.3 65.9 67 54.1 57.3 66 67.3 13.7 12.4 9.3 8.2 
115 35 39.7 25.5 29.9 57 57.8 52.3 52.1 56.2 57.4 13.2 11.6 8.9 9.3 
116 31.5 33.4 24.4 26.4 61.6 60.2 46.8 50.2 59.2 59.7 11 13 9.2 8.8 
117 29.7 30 24.7 25.5 57.9 58 46.9 47.8 57.2 56.9 8.9 11.5 10.1 9.2 
118 38.2 38.9 34.3 31.2 65.1 63 57.8 60.3 64.4 63.1 14.6 13.1 12.1 11.3 
119 36.1 33.5 30.3 28 68.6 65.7 58.8 58.8 68.7 65.4 12.8 13.6 9.2 10.1 
120 27.6 35.5 23.2 25.9 54.8 55 45.9 49.5 53.6 53.2 12.6 14.2 9.3 11.4 
121 33.2 31 28.4 28.2 58 60.9 51.7 48.6 57.7 60.3 10.7 15.5 7.2 10.1 
122 36.7 40.5 26.8 29 57.4 62 52.5 52.7 57.7 60.4 13.6 12.8 9.9 8.9 
123 31.5 32 25.6 26.9 58 51.2 47.8 47.9 56.8 51.4 8.5 8.9 6.7 6.9 
124 37.2 36.9 24.5 25.1 53.8 54.2 51.5 49.1 51.7 52.6 14.5 13.2 11.6 10.3 
125 29 29.5 21.6 22 63.7 56.9 49.4 50.3 61.6 56.8 13.2 13.1 9.7 9.2 
* - measurements in millimeter 
